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é ✉♠ ❞♦s ♣r♦❝❡ss♦s ♠❛✐s ✉t✐❧✐③❛❞♦s ❛t✉❛❧♠❡♥t❡ ♥❛ ✐♥❞ústr✐❛ ❡ ♦ ♣r♦❝❡ss♦ ●▼❆❲ ✭●❛s ▼❡t❛❧ ❆r❝
❲❡❧❞✐♥❣✮ é ✉♠ ❞♦s t✐♣♦s ❞❡ ♣r♦❝❡ss♦ q✉❡ ❛♣r❡s❡♥t❛♠ ♠❛✐s ✈❛♥t❛❣❡♥s✿ ❛❧t❛ t❛①❛ ❞❡ ❞❡♣♦s✐çã♦✱
❢❛❝✐❧✐❞❛❞❡ ♣❛r❛ ❛✉t♦♠❛çã♦ ❡ ✈❛r✐❛❞❛s ❛♣❧✐❝❛çõ❡s ❬✹✱ ✺❪✳
✶✳✷ ▼♦t✐✈❛çã♦
❊ss❡ ♣r♦❝❡ss♦ r❡q✉❡r ♠ã♦ ❞❡ ♦❜r❛ ❡s♣❡❝✐❛❧✐③❛❞❛ ❝❛❞❛ ✈❡③ ♠❛✐s ❡s❝❛ss❛✱ ❣r❛♥❞❡s ♣❡rí♦❞♦s ❞❡
tr❛❜❛❧❤♦ ❡ ❛❧t❛ r❡❣✉❧❛r✐❞❛❞❡✳ ❆❧é♠ ❞✐ss♦ t♦r♥❛ ♦ ❛♠❜✐❡♥t❡ ❛❧t❛♠❡♥t❡ ✐♥s❛❧✉❜r❡ ❝♦♠ r❛❞✐❛çã♦ ❡
❣❛s❡s tó①✐❝♦s ♣r♦✈❡♥✐❡♥t❡ ❞♦ ❛r❝♦✱ r❡s♣✐♥❣♦s ❞❡ ♠❡t❛❧ ❢✉♥❞✐❞♦ ❡ ❛❧t❛s t❡♠♣❡r❛t✉r❛s✳ ❊st❡ t✐♣♦ ❞❡
tr❛❜❛❧❤♦ ❢❛③ ❝♦♠ q✉❡ ♦ s♦❧❞❛❞♦r ✜q✉❡ ❢❛t✐❣❛❞♦ r❛♣✐❞❛♠❡♥t❡✱ ❡ ✐st♦ é ✉♠❛ ❞❛s ♣r✐♥❝✐♣❛✐s ❝❛✉s❛s ❞❛
❜❛✐①❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡ ✐♥❝♦♥s✐stê♥❝✐❛ ❡♠ ♣r♦❝❡❞✐♠❡♥t♦s ❝♦♠ s♦❧❞❛ ♠❛♥✉❛❧✳
❆❧é♠ ❞✐ss♦✱ r❡❣✉❧❛r✐❞❛❞❡ é ✉♠ ❛s♣❡❝t♦ ❢✉♥❞❛♠❡♥t❛❧ ❡♠ s♦❧❞❛❣❡♠✱ ♣♦✐s ♠❡❧❤♦r❛ ❝❛r❛❝t❡ríst✐❝❛s
❡str✉t✉r❛✐s ❡ ❡stét✐❝❛s ❞♦s ❝♦r❞õ❡s ❞❡ s♦❧❞❛✳ ❯♠ s♦❧❞❛❞♦r ♠❛♥✉❛❧ ♥ã♦ ❝♦♥s❡❣✉❡ ♠❛♥t❡r ♣❛râ♠❡tr♦s
❝♦♠♦ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❛✈❛♥ç♦✱ ❛❧t✉r❛ ❞♦ ❛r❝♦✱ â♥❣✉❧♦ ❞❡ ❛t❛q✉❡ ❡ ♣♦s✐❝✐♦♥❛♠❡♥t♦ ❞❛ ♣✐st♦❧❛ ♣♦r
❣r❛♥❞❡s ♣❡rí♦❞♦s ❞❡ t❡♠♣♦✳
❊ss❡s ❢❛t♦r❡s ❧❡✈❛r❛♠ ❛ ♥❡❝❡ss✐❞❛❞❡ ❛✉t♦♠❛t✐③❛çã♦ ♣❛r❛ ❞✐♠✐♥✉✐r ❛ ❡①♣♦s✐çã♦ ❞❡ tr❛❜❛❧❤❛❞♦r❡s
❡ ♠❛♥t❡r ❛ r❡❣✉❧❛r✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦✱ ❛✉♠❡♥t❛♥❞♦ ❛ ♣r♦❞✉t✐✈✐❞❛❞❡ ❡ ❛ q✉❛❧✐❞❛❞❡ ❞♦ ♣r♦❞✉t♦ ✜♥❛❧✳
■♥❢❡❧✐③♠❡♥t❡ ♥❡♠ ♠❡s♠♦ r♦❜ôs ❡ ♠áq✉✐♥❛s ❡s♣❡❝í✜❝❛s ♣❛r❛ s♦❧❞❛❣❡♠ sã♦ ❝❛♣❛③❡s ♣r♦❞✉③✐r
✶
❝♦r❞õ❡s ❞❡ s♦❧❞❛ ♣❡r❢❡✐t♦s✱ ✐♥❝❧✉s✐✈❡ ♣♦❞❡♠ ♥ã♦ ❛t❡♥❞❡r às ❡s♣❡❝✐✜❝❛çõ❡s ❞❡s❡❥❛❞❛s ❡ ❝♦♠❡t❡r ❡rr♦s✳
P♦rt❛♥t♦✱ ❢❛③✲s❡ ♥❡❝❡ssár✐❛ ❛ ❛♣❧✐❝❛çã♦ ❞❡ ❝♦♥tr♦❧❡ ❞♦ ♣r♦❝❡ss♦ ✈✐s❛♥❞♦ ♠✐♥✐♠✐③❛r ❛ q✉❛♥t✐❞❛❞❡ ❞❡
❡rr♦s✱ ❡✈✐t❛r r❡❢✉❣♦ ❡ ❣❛r❛♥t✐r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡s❡❥❛❞❛s ❛♦s ♣r♦❞✉t♦s✳
✶✳✸ ❉❡✜♥✐çã♦ ❞♦ ♣r♦❜❧❡♠❛
❊♠ ❛♣❧✐❝❛çõ❡s ❝♦♠ ♠❛✐♦r❡s ❡①✐❣ê♥❝✐❛s ♥❛ q✉❛❧✐❞❛❞❡ ❞❡ s♦❧❞❛s é ❞❡s❡❥á✈❡❧ q✉❡ s❡ t❡♥❤❛ ♦ ♠á①✐♠♦
❞❡ ❝♦♥tr♦❧❡ ♣♦ssí✈❡❧ ❞♦ ♣r♦❝❡ss♦✳ ❊①✐st❡♠ ✈ár✐♦s ♠ét♦❞♦s ❞❡ ❝♦♥tr♦❧❡ ♣❛r❛ s♦❧❞❛❣❡♠ ❛t✉❛❧♠❡♥t❡✳
❆ ♠❛✐♦r✐❛ ❞❡❧❡s ❝♦♥s✐st❡ ❡♠ ♠♦♥✐t♦r❛r ♣❛râ♠❡tr♦s ❝♦♠♦ t❡♥sã♦ ❞♦ ❛r❝♦ ❡ ❝♦rr❡♥t❡✱ ❝♦rr✐❣✐r ❡ss❡s
♠❡s♠♦s ❡ ♦✉tr❛s ✈❛r✐á✈❡✐s ❝♦♠♦ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❛❧✐♠❡♥t❛çã♦ ❞♦ ❛r❛♠❡ ❡ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❛✈❛♥ç♦✳ ❊ss❡
t✐♣♦ ❞❡ ❝♦♥tr♦❧❡ é ❞❡ ♠❛❧❤❛ ❛❜❡rt❛ ♣♦✐s ♥ã♦ ♠♦♥✐t♦r❛ ♦ ❡❧❡tr♦❞♦ ♦✉ ❛ ♣♦ç❛ ❞❡ s♦❧❞❛✳ ❆♣❡s❛r ❞❡
♠❡❧❤♦r❛r ❛ q✉❛❧✐❞❛❞❡ ❞♦ ♣r♦❝❡ss♦ ♥ã♦ ❣❛r❛♥t❡ q✉❡ ♦s r❡q✉✐s✐t♦s s❡❥❛♠ ❝✉♠♣r✐❞♦s✱ ♣♦✐s ♥ã♦ ❤á
❣❛r❛♥t✐❛ ❞❡ q✉❡ ♦ ❡❧❡tr♦❞♦ ❡stá ♥❛ ♣♦s✐çã♦ ❝♦rr❡t❛ ❡ q✉❡ ❛ ❧❛r❣✉r❛ ❞♦ ❝♦r❞ã♦ t❡♠ ❛ ❞✐♠❡♥sã♦
❞❡s❡❥❛❞❛✳
P❛r❛ ❣❛r❛♥t✐r ❛ q✉❛❧✐❞❛❞❡ ❞❛ s♦❧❞❛❣❡♠ é ♥❡❝❡ssár✐♦ q✉❡ s❡❥❛ ❢❡✐t♦ ✉♠ ❝♦♥tr♦❧❡ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛
❡ ✐ss♦ só ♣♦❞❡ s❡r ❢❡✐t♦ ❛♦ ♠♦♥✐t♦r❛r ♦s r❡s✉❧t❛❞♦s ❞♦ ♣r♦❝❡ss♦✳ P❛r❛ ✐ss♦✱ é ♥❡❝❡ssár✐♦ ✐♥❢❡r✐r✱ ❡♠
♠❡❞✐❞❛s ❞❡ ❡♥❣❡♥❤❛r✐❛✱ ✐♥❢♦r♠❛çõ❡s út❡✐s ❞♦ ♣r♦❝❡ss♦✱ ❝♦♠♦ ❣❡♦♠❡tr✐❛ ❞❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠✱
♣♦s✐çã♦ ❞♦ ❛r❛♠❡✱ t❡♠♣❡r❛t✉r❛✱ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ❞♦ ❛r❝♦✳
❆s ♠❡❞✐❞❛s ❞❡ t❡♥sã♦ ❡ ❝♦rr❡♥t❡ ♣♦❞❡♠ s❡r ♦❜t✐❞❛s ❝♦♠ ✈♦❧tí♠❡tr♦s ❡ ❛♠♣❡rí♠❡tr♦s✳ ❆ t❡♠✲
♣❡r❛t✉r❛ ♣♦❞❡ s❡r ♦❜t✐❞❛ ❝♦♠ ✉♠ s❡♥s♦r ✐♥❢r❛✈❡r♠❡❧❤♦✳ ❊ss❡s ♣❛râ♠❡tr♦s ♥ã♦ ❡stã♦ ♥♦ ❡s❝♦♣♦
❞❡st❡ tr❛❜❛❧❤♦✳ ◆❡st❡ ♣r♦❥❡t♦✱ ♦ q✉❡ s❡ ❞❡s❡❥❛ ❡♥❝♦♥tr❛r sã♦ ✐♥❢♦r♠❛çõ❡s ❣❡♦♠étr✐❝❛s ❞♦ ❡❧❡tr♦❞♦
❡ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠✳
❊ss❛s ✐♥❢♦r♠❛çõ❡s ♥ã♦ sã♦ tr✐✈✐❛❧♠❡♥t❡ ♦❜t✐❞❛s ❝♦♠ ❛❧❣✉♠ t✐♣♦ ❞❡ s❡♥s♦r ❝♦♠✉♠ ❡①✐st❡♥t❡ ♥♦
♠❡r❝❛❞♦ ♣♦✐s ❡♥✈♦❧✈❡♠ ♦s ❝♦♥❝❡✐t♦s ❞❡ ❞✐stâ♥❝✐❛s✱ â♥❣✉❧♦s ❡ ár❡❛✳ ❙♦♠❛✲s❡ ❛ ✐ss♦ ♦ ♣❡q✉❡♥♦ t❡♠♣♦
❡♠ q✉❡ ♣♦rçõ❡s ❞♦ ❡❧❡tr♦❞♦ ❡ ♣❡ç❛ sã♦ ♠❛♥t✐❞♦s ❢✉♥❞✐❞♦s ❢♦r♠❛♥❞♦ ❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠✳
✶✳✹ ❖❜❥❡t✐✈♦s ❞♦ ♣r♦❥❡t♦
◆❡st❡ s❡♥t✐❞♦ ❛ ♣r♦♣♦st❛ ❞♦ tr❛❜❛❧❤♦ é ❡♥❝♦♥tr❛r ❛❧❣✉♠❛s ♠❡❞✐❞❛s ♥❡❝❡ssár✐❛s ❛♦ ❝♦♥tr♦❧❡ ❡♠
♠❛❧❤❛ ❢❡❝❤❛❞❛ ♣♦r ♠❡✐♦ ❞❡ ✈✐sã♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳ ❆s ♠❡❞✐❞❛s ❞❡s❡❥❛❞❛s sã♦✿
• ▲❛r❣✉r❛ ❞❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠❀
• ❈♦♠♣r✐♠❡♥t♦ ❞❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠❀
• P♦s✐çã♦ ❞♦ ❡❧❡tr♦❞♦✳
P❛r❛ t❛♥t♦ s❡rã♦ ❞❡✜♥✐❞♦s ♠ét♦❞♦s ❡ ✉♠ s✐st❡♠❛ q✉❡ s❡❥❛ ❝❛♣❛③ ❞❡ ❢♦r♥❡❝❡r ❛s ♠❡❞✐❞❛s ♥♦ ♠❡♥♦r
t❡♠♣♦ ♣♦ssí✈❡❧✳ ❖s ♠ét♦❞♦s ❞❡✈❡♠ s❡r ❞❡ ❜❛✐①❛ ❝♦♠♣❧❡①✐❞❛❞❡ ❡ ❧❡✈❛r ❡♠ ❝♦♥t❛ ❛ ❡s♣❡❝✐✜❝✐❞❛❞❡ ❞♦
♣r♦❜❧❡♠❛ ♣❛r❛ ❢❛❝✐❧✐t❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ s✐st❡♠❛ q✉❡ ❢❛rá ♦ ♣r♦❝❡ss❛♠❡♥t♦✳ ❖ s✐st❡♠❛ ❡♠ s✐
✷
❞❡✈❡ s❡r ✐♠♣❧❡♠❡♥t❛❞♦ ❡♠ ❤❛r❞✇❛r❡ ♣❛r❛ ♠✐♥✐♠✐③❛r ♦ ♠á①✐♠♦ ♣♦ssí✈❡❧ ♦ t❡♠♣♦ ❡♥tr❡ ❛ ❛q✉✐s✐çã♦
❞❡ ✉♠❛ ✐♠❛❣❡♠ ❡ ♦ ❢♦r♥❡❝✐♠❡♥t♦ ❞❛s ♠❡❞✐❞❛s ❞❡s❡❥❛❞❛s✳
✶✳✺ ❆♣r❡s❡♥t❛çã♦ ❞♦ ♠❛♥✉s❝r✐t♦
◆♦ ❝❛♣ít✉❧♦ ✷ é ❢❡✐t❛ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ s♦❜r❡ ♦ t❡♠❛ ❞❡ ❡st✉❞♦✳ ❊♠ s❡❣✉✐❞❛✱ ♦ ❝❛♣ít✉❧♦
✸ ❞❡s❝r❡✈❡ ❛ ♠❡t♦❞♦❧♦❣✐❛ ❡♠♣r❡❣❛❞❛ ♥♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♣r♦❥❡t♦✳ ❘❡s✉❧t❛❞♦s ❡①♣❡r✐♠❡♥t❛✐s





✷✳✶ Pr♦❝❡ss♦ ❞❡ ❙♦❧❞❛❣❡♠ ●▼❆❲
❖ ♣r♦❝❡ss♦ ❞❡ s♦❧❞❛❣❡♠ ●▼❆❲ ❞♦ ✐♥❣❧ês ●❛s ▼❡t❛❧ ❆r❝ ❲❡❧❞✐♥❣✱ t❛♠❜é♠ ❝♦♥❤❡❝✐❞♦ ❝♦♠♦
▼■●✴▼❆● ✭▼❡t❛❧ ■♥❡rt ●❛s✴▼❡t❛❧ ❆❝t✐✈❡ ●❛s✮ é ✉♠ ❞♦s ♣r♦❝❡ss♦s ❞❡ s♦❧❞❛❣❡♠ ♠❛✐s ♣r♦♣í❝✐♦s
♣❛r❛ ❛✉t♦♠❛çã♦✳ ❆❧❣✉♥s ❛s♣❡❝t♦s ❜ás✐❝♦s ❞♦ ♣r♦❝❡ss♦ ●▼❆❲ ❝♦♥❝❡r♥❡♥t❡s ❛♦ ♣r♦❜❧❡♠❛ ❛q✉✐
tr❛t❛❞♦ s❡rã♦ ❞❡t❛❧❤❛❞♦s ❡ ❞✐s❝✉t✐❞♦s ♥♦s ♣ró①✐♠♦s s✉❜✐t❡♥s✳
✷✳✶✳✶ ❋✉♥❞❛♠❡♥t♦s
❖ ♣r✐♥❝í♣✐♦ ❞❛ s♦❧❞❛❣❡♠ ●▼❆❲ é ❛ ✉♥✐ã♦ ❞❡ ♣❡ç❛s ♠❡tá❧✐❝❛s é ❞❡✈✐❞♦ ❛♦ ❛q✉❡❝✐♠❡♥t♦ ♣♦r
✉♠ ❛r❝♦ ❡❧étr✐❝♦ ❢♦r♠❛❞♦ ❡♥tr❡ ❛s ♠❡s♠❛s ❡ ✉♠ ❡❧❡tr♦❞♦ ♠❡tá❧✐❝♦ ♥✉ ❡ ❝♦♥s✉♠í✈❡❧✱ s❡♥❞♦ t♦❞♦s ♦s
❡❧❡♠❡♥t♦s ❡♥✈♦❧t♦s ♣♦r ✉♠ ❣ás ❛t✐✈♦ ♦✉ ✐♥❡rt❡✳
❖ ❛r❛♠❡ ❞❡ s♦❧❞❛r ❞❡s❡♠♣❡♥❤❛ ❞✉❛s ❢✉♥çõ❡s✿ ♣♦r ✉♠ ❧❛❞♦ é ♦ ❡❧❡tr♦❞♦ q✉❡ ❝♦♥❞✉③ ❝♦rr❡♥t❡✱
♣♦r ♦✉tr♦✱ é t❛♠❜é♠✱ ❡♠ s✐♠✉❧tâ♥❡♦✱ ♦ ♠❛t❡r✐❛❧ ❞❡ ❛❞✐çã♦ ❛ s❡r ✐♥s❡r✐❞♦ ♥❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠✳
❊st❡ ❛r❛♠❡ é ✐♥tr♦❞✉③✐❞♦ ♠❡❝❛♥✐❝❛♠❡♥t❡ ❛tr❛✈és ❞❡ ✉♠ ❛❧✐♠❡♥t❛❞♦r ♠♦t♦r✐③❛❞♦ ♦ q✉❡ ❝❛r❛❝t❡r✐③❛
♦ ♣r♦❝❡ss♦ ❝♦♠♦ s❡♠✐✲❛✉t♦♠át✐❝♦ q✉❛♥❞♦ ♦♣❡r❛❞♦ ♣♦r ❤✉♠❛♥♦s✳
❆ ✜❣✉r❛ ✷✳✶ ❞❡♠♦♥str❛ ♦ ♣r♦❝❡ss♦ ❞❡ ❢♦r♠❛çã♦ ❞♦ ❝♦r❞ã♦ ❞❡ s♦❧❞❛ ❡ s❡✉s ❡❧❡♠❡♥t♦s ♣r✐♥❝✐♣❛✐s✳
❯♠ ❣ás ❞❡ ♣r♦t❡çã♦ q✉❡ ✢✉✐ ❛tr❛✈és ❞♦ ❜♦❝❛❧ ❞❛ t♦❝❤❛ ♣r♦t❡❣❡ ♦ ❛r❝♦ ❡❧étr✐❝♦ ❡ ♦ ♠❛t❡r✐❛❧ ❡♠
❢✉sã♦✱ ♣♦❞❡♥❞♦ ♦ ♠❡s♠♦ s❡r ✐♥❡rt❡ ✭▼■●✮ ♦✉ ❛t✐✈♦ ✭▼❆●✮✳ ❖s ❣❛s❡s ✐♥❡rt❡s✱ t❛✐s ❝♦♠♦ ♦ ❛r❣ô♥✐♦
❡ ♦ ❤é❧✐♦✱ ♥ã♦ ❡♥tr❛♠ ❡♠ r❡❛çã♦ ❝♦♠ ♦ ♠❛t❡r✐❛❧ ❡♠ ❢✉sã♦ ❡ ❛♣❡♥❛s ♣r♦t❡❣❡♠ ♦s ♠❛t❡r✐❛✐s ❢✉♥❞✐❞♦s
❞❡ ❝♦♥t❛♠✐♥❛♥t❡s✳ P♦r ♦✉tr♦ ❧❛❞♦✱ ♦s ❣❛s❡s ❛t✐✈♦s✱ ♥ã♦ só ✐♥t❡r❢❡r❡♠ ♥♦ ♣ró♣r✐♦ ❛r❝♦ ❡❧étr✐❝♦✱ ❝♦♠♦
t❛♠❜é♠ r❡❛❣❡♠ ❝♦♠ ♦ ♠❛t❡r✐❛❧ ❡♠ ❢✉sã♦✳ ❯♠ ❡①❡♠♣❧♦ ❞❡ ❣ás ❛t✐✈♦ é ✉♠❛ ♠✐st✉r❛ ❞❡ ❞✐ó①✐❞♦
❞❡ ❝❛r❜♦♥♦ ♦✉ ♦①✐❣ê♥✐♦ ❝♦♠ ❛r❣ô♥✐♦✳ ❖ ❝♦♠♣♦♥❡♥t❡ ❛t✐✈♦ t❡♠ ✐♥✢✉ê♥❝✐❛✱ ♣♦r ❡①❡♠♣❧♦✱ s♦❜r❡ ❛
♣❡♥❡tr❛çã♦ ❡✴♦✉ ❛ t❡♠♣❡r❛t✉r❛ ❞♦ ❜❛♥❤♦ ❞❡ ❢✉sã♦✳
❆❧é♠ ❞✐st♦✱ ♦ ❣ás t❛♠❜é♠ t❡♠ ✐♥✢✉ê♥❝✐❛ ♥❛s ♣❡r❞❛s ❞❡ ❡❧❡♠❡♥t♦s q✉í♠✐❝♦s✱ ♥❛ t❡♠♣❡r❛t✉r❛ ❞❛
♣♦ç❛ ❞❡ ❢✉sã♦✱ ♥❛ s❡♥s✐❜✐❧✐❞❛❞❡ à ✜ss✉r❛çã♦ ❡ ♥❛ ♣♦r♦s✐❞❛❞❡✱ ❜❡♠ ❝♦♠♦ ♥❛ ❢❛❝✐❧✐❞❛❞❡ ❞❛ ❡①❡❝✉çã♦
❞❛ s♦❧❞❛❣❡♠ ❡♠ ❞✐✈❡rs❛s ♣♦s✐çõ❡s✳ ❖s ❣❛s❡s ♥♦❜r❡s ✭♣r♦❝❡ss♦ ▼■●✮ sã♦ ♣r❡❢❡r✐❞♦s ♣♦r r❛③õ❡s
✹
❋✐❣✉r❛ ✷✳✶✿ ❊❧❡♠❡♥t♦s ❜ás✐❝♦s ❞❛ s♦❧❞❛❣❡♠ ●▼❆❲ ❬✻❪✳
♠❡t❛❧úr❣✐❝❛s✱ ❡♥q✉❛♥t♦ ♦ ❈❖✷ ♣✉r♦✱ é ♣r❡❢❡r✐❞♦ ♣♦r r❛③õ❡s ❡❝♦♥ô♠✐❝❛s✳ ❖ ♣r♦❝❡ss♦ ▼❆● é ✉t✐❧✐③❛❞♦
s♦♠❡♥t❡ ♥❛ s♦❧❞❛❣❡♠ ❞❡ ♠❛t❡r✐❛✐s ❢❡rr♦s♦s✱ ❡♥q✉❛♥t♦ ♦ ♣r♦❝❡ss♦ ▼■● ♣♦❞❡ s❡r ✉s❛❞♦ t❛♥t♦ ♥❛
s♦❧❞❛❣❡♠ ❞❡ ♠❛t❡r✐❛✐s ❢❡rr♦s♦s q✉❛♥t♦ ♥ã♦ ❢❡rr♦s♦s ❝♦♠♦ ❆❧✉♠í♥✐♦✱ ❈♦❜r❡✱ ▼❛❣♥és✐♦✱ ◆íq✉❡❧ ❡
s✉❛s ❧✐❣❛s✳
✷✳✶✳✷ ❊q✉✐♣❛♠❡♥t♦s
❖ ♣r♦❝❡ss♦ ●▼❆❲ t❡♠ ✉♠ ❝♦♥❥✉♥t♦ ❡s♣❡❝í✜❝♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦s✳ P♦r s❡r ✉♠ ♣r♦❝❡ss♦ s❡♠✐✲
❛✉t♦♠át✐❝♦ ✭♦✉ ❝♦♠♣❧❡t❛♠❡♥t❡ ❛✉t♦♠át✐❝♦✮✱ ♣♦ss✉✐ ♠❛✐s ❝♦♠♣♦♥❡♥t❡s q✉❡ ♠ét♦❞♦s ♠❛✐s ❝♦♥✈❡♥✲
❝✐♦♥❛✐s ❞❡ s♦❧❞❛❣❡♠ ❝♦♠♦ ♦ ❡❧❡tr♦❞♦ r❡✈❡st✐❞♦ ❡ ♦ ♦①✐❛❝❡t✐❧❡♥♦✳
❖s ❡q✉✐♣❛♠❡♥t♦s ♥❡❝❡ssár✐♦s ♣❛r❛ ❡ss❡ t✐♣♦ ❞❡ s♦❧❞❛ sã♦ ❬✹❪ ❬✼❪✿
• ❋♦♥t❡ ❞❡ ❡♥❡r❣✐❛
❊st❡ ♣r♦❝❡ss♦ ✉t✐❧✐③❛ s❡♠♣r❡ ❝♦rr❡♥t❡ ❝♦♥tí♥✉❛✳ ❉❡♣❡♥❞❡♥❞♦ ❞♦ ♠♦❞♦ ❡♠ q✉❡ é ❢❡✐t♦ ♦
❝♦♥tr♦❧❡✱ ♣♦❞❡ s❡r ♥❡❝❡ssár✐♦ ❝♦♥tr♦❧❛r ❛ ❝♦rr❡♥t❡ ♦✉ ❛ t❡♥sã♦ ❢♦r♥❡❝✐❞❛ ♣❡❧❛ ❢♦♥t❡✳ ➱ ❝♦♠✉♠
✉s❛r ❝♦rr❡♥t❡ ❝♦♥st❛♥t❡ ♦✉ t❡♥sã♦ ❝♦♥st❛♥t❡ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦❀
• ❆❧✐♠❡♥t❛❞♦r ❞❡ ❛r❛♠❡
❊①✐st❡♠ ❞✐✈❡rs♦s t✐♣♦s ❞❡ ❛❧✐♠❡♥t❛❞♦r❡s ❝♦♠ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❝♦♥tr♦❧❡✳ ❖ ❝♦♥tr♦❧❡ ❞❡
❛❧✐♠❡♥t❛çã♦ ❞♦ ❛r❛♠❡ ❞❡✈❡♠ ❡st❛r ❛❧✐♥❤❛❞♦s ❝♦♠ ♦ ♠ét♦❞♦ ❞❡ ❝♦♥tr♦❧❡ ❡❧étr✐❝♦✳ P♦r ❡①❡♠♣❧♦✿
é ♣♦ssí✈❡❧ ✉s❛r ❛❧✐♠❡♥t❛çã♦ ❝♦♥st❛♥t❡ ❞❡ ❛r❛♠❡ ❝♦♠ t❡♥sã♦ ❝♦♥st❛♥t❡ ♦✉ ❝♦rr❡♥t❡ ❝♦♥st❛♥t❡
❡ ❛❧✐♠❡♥t❛çã♦ ✈❛r✐á✈❡❧ ❬✹❪❀
• ❋♦♥t❡ ❞❡ ❣ás ♣r♦t❡t♦r
◆♦r♠❛❧♠❡♥t❡ ✉♠ ❝✐❧✐♥❞r♦ ❞❡ ❣ás ✭♦✉ ❣❛s❡s✮ ❡ r❡❣✉❧❛❞♦r❡s ❞❡ ♣r❡ssã♦ ❡✴♦✉ ✈❛③ã♦
• ❚♦❝❤❛ ❞❡ s♦❧❞❛❣❡♠
❊①✐st❡♠ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ t♦❝❤❛ ♣❛r❛ ♣r♦♣♦r❝✐♦♥❛r ♦ ❞❡s❡♠♣❡♥❤♦ ♠á①✐♠♦ ♥❛ s♦❧❞❛❣❡♠
♣❛r❛ ❞✐❢❡r❡♥t❡s t✐♣♦s ❞❡ ❛♣❧✐❝❛çõ❡s✳ ❊❧❛s ✈❛r✐❛♠ ❞❡s❞❡ t♦❝❤❛s ♣❛r❛ ❝✐❝❧♦s ❞❡ tr❛❜❛❧❤♦ ♣❡s❛❞♦s
✺
❋✐❣✉r❛ ✷✳✷✿ ❊sq✉❡♠át✐❝♦ ❞♦s ❡q✉✐♣❛♠❡♥t♦s ❞❛ s♦❧❞❛❣❡♠ ●▼❆❲ ❬✼❪✳
♣❛r❛ ❛t✐✈✐❞❛❞❡s ❡♥✈♦❧✈❡♥❞♦ ❛❧t❛s ❝♦rr❡♥t❡s ❛té t♦❝❤❛s ❧❡✈❡s ♣❛r❛ ❜❛✐①❛s ❝♦rr❡♥t❡s ❡ s♦❧❞❛❣❡♠
❢♦r❛ ❞❡ ♣♦s✐çã♦✳ ❊♠ ❛♠❜♦s ♦s ❝❛s♦s ❡stã♦ ❞✐s♣♦♥í✈❡✐s t♦❝❤❛s r❡❢r✐❣❡r❛❞❛s ❛ á❣✉❛ ♦✉ s❡❝❛s
✭r❡❢r✐❣❡r❛❞❛s ♣❡❧♦ ❣ás ❞❡ ♣r♦t❡çã♦✮✱ ❡ t♦❝❤❛s ❝♦♠ ❡①tr❡♠✐❞❛❞❡s r❡t❛s ♦✉ ❝✉r✈❛s✳
❆ t♦❝❤❛ ❝♦♥s✐st❡ ❡♠ t♦❞♦ ❛ ❛♣❛r❛t♦ q✉❡ é ❧❡✈❛❞♦ ❛té ♦ ❧♦❝❛❧ ❞❡ ✉♥✐ã♦ ❞❛s ♣❡ç❛s✱ s❡❥❛ ♣❡❧❛
♠ã♦ ❞❡ ✉♠ ♦♣❡r❛❞♦r ♦✉ ✉♠❛ ♠áq✉✐♥❛✴r♦❜ô✳ ❊❧❛ ❝♦♥té♠ ♦s s❡❣✉✐♥t❡s ❡❧❡♠❡♥t♦s ❜ás✐❝♦s q✉❡
♣♦❞❡♠ s❡r ✈✐st♦s ♥❛ ✜❣✉r❛ ✷✳✷ ❬✼❪✿
✕ ❇♦❝❛❧✿ ❣✉✐❛ ♦ ❣ás ♣❛r❛ ❛ ❥✉♥çã♦✱ ❣❡r❛❧♠❡♥t❡ ❢❡✐t♦ ❞❡ ❝♦❜r❡ ♦✉ ♠❛t❡r✐❛❧ ❝❡râ♠✐❝♦✳ ❙❡✉
❞✐â♠❡tr♦ ❞❡✈❡ s❡r ❝♦♠♣❛tí✈❡❧ ❝♦♠ ❛ ❝♦rr❡♥t❡ ❞❡ s♦❧❞❛❣❡♠ ❡ ♦ ✢✉①♦ ❞❡ ❣ás❀
✕ ❇✐❝♦ ❞❡ ❝♦♥t❛t♦✿ ❢❛③ ♦ ❝♦♥t❛t♦ ❡❧étr✐❝♦ ❝♦♠ ♦ ❡❧❡tr♦❞♦✱ ❢❡✐t♦ ❞❡ ❝♦❜r❡❀
✕ ❆❧❛✈❛♥❝❛ ❞❡ ❝♦♠❛♥❞♦ ♦✉ ●❛t✐❧❤♦✿ ❆t✐✈❛ ❛ ❡♥❡r❣✐③❛çã♦ ❞♦ ❝✐r❝✉✐t♦ ❞❡ s♦❧❞❛❣❡♠✱ ♦ ❛❧✐✲
♠❡♥t❛❞♦r ❞❡ ❛r❛♠❡ ❡ ♦ ✢✉①♦ ❞❡ ❣ás✳
✷✳✶✳✸ ▼♦♥✐t♦r❛♠❡♥t♦ ❞♦s ♣❛râ♠❡tr♦s ❞❡ s♦❧❞❛❣❡♠
❉✐✈❡rs❛s ✈❛r✐á✈❡✐s ❞♦ ♣r♦❝❡ss♦ ●▼❆❲ ♣♦❞❡♠ s❡r ❛❥✉st❛❞❛s ♣❛r❛ ✉♠❛ ❜♦❛ s♦❧❞❛❣❡♠ ❞♦ ♠❡t❛❧✳
❊st❛s ✈❛r✐á✈❡✐s sã♦ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❛❧✐♠❡♥t❛çã♦ ❞♦ ❡❧❡tr♦❞♦✱ ❛ ❞✐stâ♥❝✐❛ ❞♦ ❜♦❝❛❧ à ♣❡ç❛✱ ♦ st✐❝❦♦✉t✱
❛ ✐♥❝❧✐♥❛çã♦ ❞❡ tr❛❜❛❧❤♦ ❞♦ ❡❧❡tr♦❞♦✱ ❡ ♦ ✢✉①♦ ❞❡ ❣ás✳ ❊ss❛s ✈❛r✐á✈❡✐s r❡q✉❡r❡♠ ✉♠ ♠♦♥✐t♦r❛♠❡♥t♦
✻
❝♦♥st❛♥t❡ ♣♦r ♣❛rt❡ ❞♦ ♦♣❡r❛❞♦r✱ ♦✉ ♣♦r ✉♠ ❡q✉✐♣❛♠❡♥t♦ ❛✉t♦♠át✐❝♦✱ q✉❡ é ♦ ❡s❝♦♣♦ ❞❡st❡ tr❛❜❛❧❤♦✳
❆ ✈❡❧♦❝✐❞❛❞❡ ❞❡ s♦❧❞❛❣❡♠✱ ❛ ♣♦s✐çã♦ ❞❡ s♦❧❞❛❣❡♠ ❡ ♦ ❞✐â♠❡tr♦ ❞♦ ❡❧❡tr♦❞♦ t❛♠❜é♠ ✐♥✢✉❡♥❝✐❛♠
❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ♥❛ ❣❡♦♠❡tr✐❛ ❞♦ ❝♦r❞ã♦ ❞❡ s♦❧❞❛✳
◗✉❛♥❞♦ ❛ s♦❧❞❛❣❡♠ é ❢❡✐t❛ ♣♦r ✉♠ s♦❧❞❛❞♦r✱ ❛ ♣♦s✐çã♦ ❡♠ r❡❧❛çã♦ à ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠ ❡ às
♣❡ç❛s s❡♥❞♦ s♦❧❞❛❞❛s é ❝♦♥st❛♥t❡♠❡♥t❡ ✈❡r✐✜❝❛❞❛ ❡ ❝♦rr✐❣✐❞❛✳ ❉❡ss❛ ❢♦r♠❛ é ♣♦ssí✈❡❧ ♠❛♥t❡r ✉♠❛
q✉❛❧✐❞❛❞❡ ❜♦❛ ❞❛ s♦❧❞❛ ♠❡s♠♦ ❝♦♠ ❛s ❧✐♠✐t❛çõ❡s ♠❡❝â♥✐❝❛s ❞♦ s❡r ❤✉♠❛♥♦✳ ❊st❡ ♣r♦❝❡ss♦ ❞❡
❛❥✉st❡ q✉❡ ♦ s♦❧❞❛❞♦r ❢❛③ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦ ❞❡ s♦❧❞❛❣❡♠ t❡♠ ❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❡ ✉♠ s✐st❡♠❛ ❞❡
❝♦♥tr♦❧❡ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛✳
◗✉❛♥❞♦ ♦ ♣r♦❝❡ss♦ é ❛✉t♦♠❛t✐③❛❞♦ ❛❧❣✉♥s ♣❛râ♠❡tr♦s ♣♦❞❡♠ s❡r ❛✈❛❧✐❛❞♦s ❡♠ t❡♠♣♦ r❡❛❧✱ ❝♦♠♦
❝♦rr❡♥t❡ ❡ t❡♥sã♦ ❞♦ ❛r❝♦ ♣❛r❛ s❡ ✐♥❢❡r✐r s♦❜r❡ ✈❛r✐❛çõ❡s ♥❛ q✉❛❧✐❞❛❞❡ ❞❛ s♦❧❞❛✳ ❖✉tr❛s ❛❜♦r❞❛❣❡♥s
❝♦♠♦ ♠ét♦❞♦s ❜❛s❡❛❞♦s ❡♠ ✐♥t❡❧✐❣ê♥❝✐❛ ❛rt✐✜❝✐❛❧ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ♣❛r❛ ❞❡t❡r♠✐♥❛r ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛
♣❛r❛ s❡❧❡❝✐♦♥❛r ♣❛râ♠❡tr♦s ❞❡ s♦❧❞❛❣❡♠✳ ❊ss❡s ♠ét♦❞♦s ❛♣r❡s❡♥t❛♠ ❛ ✐♥❝♦♥✈❡♥✐ê♥❝✐❛ ❞❡ s❡r❡♠
❛♣❧✐❝á✈❡✐s ❛♣❡♥❛s ❡♠ ❝♦♥✜❣✉r❛çõ❡s ❡s♣❡❝í✜❝❛s ❞❡ s♦❧❞❛❣❡♠ ❡ ❞❡ ❢✉♥❝✐♦♥❛r❡♠ ❡♠ ♠❛❧❤❛ ❛❜❡rt❛✳
❯♠❛ ❛❧t❡r♥❛t✐✈❛ é ✉t✐❧✐③❛r ✉♠ s✐st❡♠❛ ❞❡ ✈✐sã♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ♣❛r❛ ♦❜t❡r ♠❡❞✐❞❛s ❣❡♦♠étr✐❝❛s
❞✉r❛♥t❡ ❛ ❢♦r♠❛çã♦ ❞❛ s♦❧❞❛✳ ❬✽❪
✷✳✷ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s
❙❡❣✉♥❞♦ ❬✾❪ ❆ ár❡❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞✐❣✐t❛❧ ❞❡ ✐♠❛❣❡♥s s❡ r❡❢❡r❡ ❛♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s
❞✐❣✐t❛✐s ♣♦r ♠❡✐♦ ❞❡ ✉♠ ❝♦♠♣✉t❛❞♦r✳ ❈❛❞❛ ✐♠❛❣❡♠ é ❝♦♠♣♦st❛ ♣♦r ✉♠ ♥ú♠❡r♦ ❧✐♠✐t❛❞♦ ❞❡
❡❧❡♠❡♥t♦s ❝♦♠ ♣♦s✐çã♦ ❡ ✈❛❧♦r ♣❛rt✐❝✉❧❛r❡s✱ ❝❤❛♠❛❞♦s ❞❡ ❡❧❡♠❡♥t♦s ❞❡ ✜❣✉r❛✱ ❡❧❡♠❡♥t♦s ❞❡ ✐♠❛❣❡♠✱
♣❡❧s ❡ ♣✐①❡❧s✳
❆ ár❡❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s t❡♠ ❛♣❧✐❝❛çõ❡s ❡♠ ❞✉❛s ♣r✐♥❝✐♣❛✐s ❝❛t❡❣♦r✐❛s✿ ✭✶✮ ❛♣r✐✲
♠♦r❛♠❡♥t♦ ❞❡ ✐♥❢♦r♠❛çõ❡s ♣✐❝tór✐❝❛s ♣❛r❛ ✐♥t❡r♣r❡t❛çã♦ ❤✉♠❛♥❛❀ ❡ ✭✷✮ ❡①tr❛çã♦ ❛✉t♦♠át✐❝❛ ❞❡
❞❛❞♦s r❡❧❡✈❛♥t❡s à ♣❛rt✐r ❞❡ ✉♠❛ ❝❡♥❛ ❬✶✵❪✳ ❆ s❡❣✉♥❞❛ ❝❛t❡❣♦r✐❛✱ q✉❡ s❡rá ✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✱
t❛♠❜é♠ ♣♦❞❡ s❡r ❞❡s✐❣♥❛❞❛ ❝♦♠♦ ✑❛♥á❧✐s❡ ❞❡ ✐♠❛❣❡♥s✑✱ ✑✈✐sã♦ ♣♦r ❝♦♠♣✉t❛❞♦r✑ ♦✉ ✑r❡❝♦♥❤❡❝✐♠❡♥t♦
❞❡ ♣❛❞rõ❡s✑✳
❉✐✈❡rs❛s ár❡❛s s❡ ❜❡♥❡✜❝✐❛♠ ❞❡ té❝♥✐❝❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s✳ ◆❛ ♠❡❞✐❝✐♥❛ ♣r♦✲
❝❡❞✐♠❡♥t♦s ❝♦♠♣✉t❛❝✐♦♥❛✐s ♠❡❧❤♦r❛♠ ♦ ❝♦♥tr❛st❡✱ ❝♦❞✐✜❝❛♠ ♥í✈❡✐s ❞❡ ✐♥t❡♥s✐❞❛❞❡ ♣❛r❛ ♠❡❧❤♦r
✐♥t❡r♣r❡t❛çã♦ ❡ ♣♦❞❡♠ ❛té ♠❡s♠♦ ❝❛❧❝✉❧❛r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✉♠ ❞❡t❡r♠✐♥❛❞♦ t✐♣♦ ❞❡ ❝é❧✉❧❛ ❡♠
✉♠❛ ✐♠❛❣❡♠✳ ●❡ó❣r❛❢♦s ❢❛③❡♠ ✉s♦ ❞❡ té❝♥✐❝❛s s❡♠❡❧❤❛♥t❡s ❡ ♣♦❞❡♠ ❞❡t❡r♠✐♥❛r ár❡❛s ❞❡ ✈❡❣❡✲
t❛çã♦✱ ❞❡s♠❛t❛♠❡♥t♦✱ ❡ ♣♦❧✉✐çã♦ ❬✶✶❪✳ ❊①✐st❡♠ ♠✉✐t♦s ♦✉tr♦s ❡①❡♠♣❧♦s✱ q✉❡ ✈ã♦ ❛té ♦ ❝♦♥tr♦❧❡ ❞❡
q✉❛❧✐❞❛❞❡ ❡ ❞❡ ♣r♦❝❡ss♦s✳
✷✳✷✳✶ ❊❧❡♠❡♥t♦s ❞❡ s✐st❡♠❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s




❙ã♦ ♥❡❝❡ssár✐♦s✿ ✉♠ ❞✐s♣♦s✐t✐✈♦ ❢ís✐❝♦ s❡♥sí✈❡❧ ❛ ✉♠❛ ❢❛✐①❛ ❞❡ ❢r❡q✉ê♥❝✐❛ ♥♦ ❡s♣❡❝tr♦ ❡❧❡tr♦✲
♠❛❣♥ét✐❝♦ ✭♣r❡❢❡r❡♥❝✐❛❧♠❡♥t❡ ❛ ❧✉③ ✈✐sí✈❡❧✮ q✉❡ ♣r♦❞✉③❛ ✉♠ s✐♥❛❧ ❡❧étr✐❝♦ ♣r♦♣♦r❝✐♦♥❛❧ ❛♦
♥í✈❡❧ ❞❡ ❡♥❡r❣✐❛ ❞❡t❡❝t❛❞♦❀ ❡ ✉♠ ❞✐❣✐t❛❧✐③❛❞♦r q✉❡ ❝♦♥✈❡rt❡ ♦ s✐♥❛❧ ❡❧étr✐❝♦ ❛♥❛❧ó❣✐❝♦ ❡♠ ✉♠
s✐♥❛❧ ❞✐❣✐t❛❧✳
✷✳ ❆r♠❛③❡♥❛♠❡♥t♦✿
❯♠ ❞❡s❛✜♦ ❡♠ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s✱ ♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ❞✐❣✐t❛✐s r❡q✉❡r
♠✉✐t❛ ♠❡♠ór✐❛ ❘❆▼ ♦✉ ❢r❛♠❡ ❜✉✛❡rs ✭❆r♠❛③❡♥❛♠❡♥t♦ ♣♦r ❝✉rt♦ t❡♠♣♦✮ ❡ ❡s♣❛ç♦ ❡♠
❞✐s❝♦ ✭❆rq✉✐✈❛♠❡♥t♦✮✳ ❆♣❡s❛r ❞❡ ♦s ❝♦♠♣✉t❛❞♦r❡s ❛t✉❛✐s ♥ã♦ t❡r❡♠ ❣r❛♥❞❡s ♣r♦❜❧❡♠❛s ❝♦♠
❛r♠❛③❡♥❛♠❡♥t♦✱ ❛❧❣✉♥s ❡q✉✐♣❛♠❡♥t♦s ♣♦❞❡♠ ♥ã♦ t❡r ♠❡♠ór✐❛ s✉✜❝✐❡♥t❡ ♣❛r❛ ❛ t❛r❡❢❛ ❝♦♠♦✱
♣♦r ❡①❡♠♣❧♦✱ ✉♠ ♠✐❝r♦❝♦♥tr♦❧❛❞♦r✳
✸✳ Pr♦❝❡ss❛♠❡♥t♦✿
➱ ✉♠ ♣r♦❝❡❞✐♠❡♥t♦ ❛❧❣♦rít♠✐❝♦ q✉❡ ♥♦r♠❛❧♠❡♥t❡ é r❡❛❧✐③❛❞♦ ✈✐❛ s♦❢t✇❛r❡✳ ❊♠ ❝❛s♦s ❡♠ q✉❡
✈❡❧♦❝✐❞❛❞❡ é ✉♠ ❢❛t♦r ✐♠♣♦rt❛♥t❡ ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ♣♦❞❡ s❡r ♥❡❝❡ssár✐♦ ♦ ✉s♦ ❞❡ ❤❛r❞✇❛r❡
❡s♣❡❝✐❛❧✐③❛❞♦✳ ➱ ❛ ♣❛rt❡ ♠❛✐s ❝♦♠♣❧❡①❛ ❞♦ s✐st❡♠❛✱ ❡①✐❣❡ ♣❡sq✉✐s❛ ❡ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✳
✹✳ ❈♦♠✉♥✐❝❛çã♦✿
❆ tr❛♥s♠✐ssã♦ ❞❡ ✐♠❛❣❡♥s ❞✐❣✐t❛✐s ♥❡❝❡ss✐t❛ ❞❡ ✉♠❛ ❛❧t❛ ❧❛r❣✉r❛ ❞❡ ❜❛♥❞❛✳ ❚é❝♥✐❝❛s ❞❡
❝♦♠♣r❡ssã♦ ❞❡ ✐♠❛❣❡♥s ❝♦st✉♠❛♠ s❡r ✉t✐❧✐③❛❞❛s ♣❛r❛ r❡❞✉③✐r ❡st❡ ♣r♦❜❧❡♠❛✳ ❊♠ ❛♣❧✐❝❛çõ❡s
❡♠ t❡♠♣♦ r❡❛❧ é ♥❡❝❡ssár✐❛ ❛ s✐♥❝r♦♥✐③❛çã♦ ❞♦s ❞❛❞♦s✳
✺✳ ❊①✐❜✐çã♦✿
P♦r ✜♠✱ ♦ r❡s✉❧t❛❞♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ é ❡①♣♦st♦ ❛♦ s❡r ❤✉♠❛♥♦ ❛tr❛✈és ❞❡ ✉♠ ♠♦♥✐t♦r✳ P♦❞❡
s❡r ❞❡s♥❡❝❡ssár✐❛ ❛ ❡①✐❜✐çã♦ ❞❡ t♦❞❛s ❛s ✐♠❛❣❡♥s ❞❡ ✉♠ ♣r♦❝❡ss♦ q✉❡ ❢♦r ❛✉t♦♠át✐❝♦✳
❖ ❡❧❡♠❡♥t♦ ♠❛✐s ✐♠♣♦rt❛♥t❡ ♥❡st❡ tr❛❜❛❧❤♦✱ Pr♦❝❡ss❛♠❡♥t♦ ❞❡ ■♠❛❣❡♥s✱♣♦ss✉✐ ❛❧❣✉♥s ♣❛ss♦s
❢✉♥❞❛♠❡♥t❛✐s ♣❛r❛ s❡ ❝❤❡❣❛r ❛♦ ♦❜❥❡t✐✈♦ ♣r♦♣♦st♦✳ ❙ã♦ ❡❧❡s ❬✶✶❪✿
✶✳ Pré✲♣r♦❝❡ss❛♠❡♥t♦✿ t❡♠ ♣♦r ♦❜❥❡t✐✈♦ ♠❡❧❤♦r❛r ❛ q✉❛❧✐❞❛❞❡ ❞❛ ✐♠❛❣❡♠ ♣❛r❛ q✉❡ ♦s ❡stá✲
❣✐♦s s❡❣✉✐♥t❡s t❡♥❤❛♠ ♠❛✐s ❣❛r❛♥t✐❛ ❞❡ s✉❝❡ss♦✳ ●❡r❛❧♠❡♥t❡ ❡♥✈♦❧✈❡ té❝♥✐❝❛s ❞❡ r❡❛❧❝❡ ❞❡
❝♦♥tr❛st❡s✱ r❡♠♦çã♦ ❞❡ r✉í❞♦ ❡ ✐s♦❧❛♠❡♥t♦ ❞❡ r❡❣✐õ❡s✳
✷✳ ❙❡❣♠❡♥t❛çã♦✿ é ❛ ❞✐✈✐sã♦ ❞❛ ✐♠❛❣❡♠ ♣ré✲♣r♦❝❡ss❛❞❛ ❡♠ ♣❛rt❡s ♦✉ ♦❜❥❡t♦s ❝♦♥st✐t✉✐♥t❡s✳
P♦r ❡①❡♠♣❧♦✱ ❝❛r❛❝t❡r❡s ❡♠ ✉♠❛ ✐♠❛❣❡♠ ❞❡ t❡①t♦✳ ➱ ✉♠❛ ❞❛s t❛r❡❢❛s ♠❛✐s ❞✐❢í❝❡✐s ❞❡ s❡
✐♠♣❧❡♠❡♥t❛r ❡ ❣❡r❛❧♠❡♥t❡ é ♦ q✉❡ ❞❡✜♥❡ s❡ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ✈❛✐ t❡r s✉❝❡ss♦ ♦✉ ♥ã♦✳
✸✳ ❘❡♣r❡s❡♥t❛çã♦ ❡ ❞❡s❝r✐çã♦✿ ♥❡ss❡ ❡stá❣✐♦✱ ♦s ❞❛❞♦s ♦❜t✐❞♦s ♣❡❧❛ s❡❣♠❡♥t❛çã♦ ❡♠ ❢♦r♠❛ ❞❡
♣✐①❡❧s ♣❛ss❛♠ ❛ s❡r r❡♣r❡s❡♥t❛❞♦s ❞❡ ❢♦r♠❛ ❢r♦♥t❡✐r❛s ❡✴♦✉ r❡❣✐õ❡s ❝♦♠♣❧❡t❛s✳ ❆ ♣❛rt✐r ❞❡ss❛
r❡♣r❡s❡♥t❛çã♦✱ ❤á ❛ ❞❡s❝r✐çã♦ ❞❡ ❝❛r❛❝t❡ríst✐❝❛s q✉❛♥t✐t❛t✐✈❛s ♦✉ q✉❛❧✐t❛t✐✈❛s✱ ♣♦r ❡①❡♠♣❧♦✱
✉♠❛ ❝♦♥❝❛✈✐❞❛❞❡ ♦✉ ✉♠ ❜✉r❛❝♦✳
✹✳ ❘❡❝♦♥❤❡❝✐♠❡♥t♦ ❡ ✐♥t❡r♣r❡t❛çã♦✿ ✜♥❛❧♠❡♥t❡✱ ♦s ♦❜❥❡t♦s ❞❡s❝r✐t♦s ❛♥t❡r✐♦r♠❡♥t❡ ❞❡✈❡♠
s❡r r❡❝♦♥❤❡❝✐❞♦s ❝♦♠♦ ❛❧❣✉♠ ♣❛❞rã♦ ♦✉ ✉♠ ✈❛❧♦r ♣❛r❛ ❡♥tã♦ s❡ ❢❛③❡r ❛ ✐♥t❡r♣r❡t❛çã♦ ❞❡ ✉♠
✽
❝♦♥❥✉♥t♦ ❞❡ ♦❜❥❡t♦s r❡❝♦♥❤❡❝✐❞♦s ❡ ❛tr✐❜✉✐r ✉♠ s✐❣♥✐✜❝❛❞♦ ❛ ❡ss❡ ❝♦♥❥✉♥t♦✳ P♦r ❡①❡♠♣❧♦✱
✉♠❛ ✐♠❛❣❡♠ ❞❛ ♣❛❧❛✈r❛ ✑s✐♠✑ ❞❡✈❡ ❝♦♥t❡r ♦s ♦❜❥❡t♦s r❡❝♦♥❤❡❝✐❞♦s ❝♦♠♦ ✑s✑✱✑✐✑✱ ✑♠✑ ❡ s❡r
✐♥t❡r♣r❡t❛❞❛ ❝♦♠ ❛ ♣❛❧❛✈r❛ ✑s✐♠✑✳
❋✐❣✉r❛ ✷✳✸✿ P❛ss♦s ❋✉♥❞❛♠❡♥t❛✐s ❡♠ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ❞✐❣✐t❛✐s
❚♦❞♦s ❡ss❡s ♣❛ss♦s sã♦ ♣♦ssí✈❡✐s q✉❛♥❞♦ s❡ t❡♠ ✉♠❛ ❇❛s❡ ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ♣ré✈✐❛ q✉❡ ✜❝❛
❝♦❞✐✜❝❛❞❛ ♥♦ s✐st❡♠❛ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s✳ ❈♦♠ ❡ss❡s ❝♦♥❤❡❝✐♠❡♥t♦s s♦❜r❡ ♦ ♣r♦❜❧❡♠❛
❡♠ q✉❡stã♦ ❡ ♦s ♠ét♦❞♦s ❞✐s♣♦♥í✈❡✐s ♣♦❞❡✲s❡ ❝r✐❛r ✉♠❛ s♦❧✉çã♦ ✈✐á✈❡❧✳ P♦r ❡①❡♠♣❧♦✱ q✉❛♥❞♦
é ❝♦♥❤❡❝✐❞❛ ❛ r❡❣✐ã♦ ❞❛ ✐♠❛❣❡♠ q✉❡ t❡♠ ✐♥❢♦r♠❛çõ❡s ❞❡ ✐♥t❡r❡ss❡s é ♠❛✐s ❢á❝✐❧ s❡❣♠❡♥t❛r ❡ss❛
✐♠❛❣❡♠✳
✷✳✷✳✷ ❘❡❛❧❝❡ ❞❡ ✐♠❛❣❡♥s
❖ ♦❜❥❡t✐✈♦ ❞❛s té❝♥✐❝❛s ❞❡ r❡❛❧❝❡ é ♦❜t❡r ✉♠❛ ✐♠❛❣❡♠ ♠❛✐s ❛♣r♦♣r✐❛❞❛ ♣❛r❛ ✉♠❛ ❛♣❧✐❝❛çã♦
❡s♣❡❝í✜❝❛ ♣♦r ♠❡✐♦ ❞❡ té❝♥✐❝❛s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦✳ ❆s té❝♥✐❝❛s ❡s❝♦❧❤✐❞❛s✱ ❛ss✐♠ ❝♦♠♦ s❡✉s ♣❛râ♠❡t✲
r♦s ❡ ❛ ♦r❞❡♠ ❡♠ q✉❡ sã♦ ❛♣❧✐❝❛❞❛s ❞❡♣❡♥❞❡♠ ❝♦♠♣❧❡t❛♠❡♥t❡ ❞❛ ❛♣❧✐❝❛çã♦✳ ❊①✐st❡♠ ❜❛s✐❝❛♠❡♥t❡
❞♦✐s ♠ét♦❞♦s ❞❡ r❡❛❧❝❡✿ ▼ét♦❞♦s ♥♦ ❞♦♠í♥✐♦ ❡s♣❛❝✐❛❧ ❡▼ét♦❞♦s ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛
❬✶✶❪✳
❖s ♠ét♦❞♦s ♥♦ ❞♦♠í♥✐♦ ❡s♣❛❝✐❛❧ ♦♣❡r❛♠ ❞✐r❡t❛♠❡♥t❡ s♦❜r❡ ♦ ❛❣r❡❣❛❞♦ ❞❡ ♣✐①❡❧s q✉❡ ❝♦♠♣õ❡♠
✉♠❛ ✐♠❛❣❡♠✳ ❋✉♥çõ❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ♥♦ ❞♦♠í♥✐♦ ❡s♣❛❝✐❛❧ ♣♦❞❡♠ s❡r ❡①♣r❡ss❛s
❝♦♠♦✿
g(x, y) = T [f(x, y)] ✭✷✳✶✮
❡♠ q✉❡ f(x, y) é ❛ ✐♠❛❣❡♠ ❞❡ ❡♥tr❛❞❛✱ g(x, y) é ❛ ✐♠❛❣❡♠ ♣r♦❝❡ss❛❞❛ ❡ T é ✉♠ ♦♣❡r❛❞♦r s♦❜r❡
f ✱ ❞❡✜♥✐❞♦ s♦❜r❡ ❛❧❣✉♠❛ ✈✐③✐♥❤❛♥ç❛ ❞❡ (x, y)✳ T ♣♦❞❡ ♦♣❡r❛r s♦❜r❡ ✉♠ ❝♦♥❥✉♥t♦ ❞❡ ✐♠❛❣❡♥s ❞❡
❡♥tr❛❞❛✱ ❝♦♠♦ s❡rá ❡①♣❧✐❝❛❞♦ ♠❛✐s ❛❞✐❛♥t❡✳
✾
❋✐❣✉r❛ ✷✳✹✿ ▼ás❝❛r❛ ❡ ✈✐③✐♥❤❛♥ç❛ ❞❡ ♣✐①❡❧ ❬✶✶❪
❆ ❡str❛té❣✐❛ é ❞❡✜♥✐r ✉♠❛ s✉❜✐♠❛❣❡♠ ❡♠ t♦r♥♦ ❞❡ ✉♠ ♣✐①❡❧ (x, y) ✭q✉❛❞r❛❞♦✱ r❡tâ♥❣✉❧♦ ♦✉
♠❡s♠♦ ❛♣r♦①✐♠❛çã♦ ❞❡ ✉♠ ❝ír❝✉❧♦✮ ❡ ❛♣❧✐❝❛r ❛ ♦♣❡r❛çã♦ s♦❜r❡ ❡ss❛ s✉❜✐♠❛❣❡♠ ♣❛r❛ ❝❛❞❛ ♣✐①❡❧ ❞❛
✐♠❛❣❡♠ ❡ ♦❜t❡r g ❡♠ ❝❛❞❛ ♣♦s✐çã♦ ❝♦rr❡s♣♦♥❞❡♥t❡✳ ❆ ✈✐③✐♥❤❛♥ç❛ ♠❛✐s s✐♠♣❧❡s q✉❡ ♣♦❞❡ s❡r ❞❡✜♥✐❞❛
t❡♠ t❛♠❛♥❤♦ 1× 1✱ ❡ T é ✉♠❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ♥í✈❡✐s ❞❡ ❝✐♥③❛ ♦✉ ♣r♦❝❡ss❛♠❡♥t♦ ♣♦♥t♦✲❛✲♣♦♥t♦
❞❛ ❢♦r♠❛✿
s = T (r) ✭✷✳✷✮
❡♠ q✉❡ r ❡ s r❡♣r❡s❡♥t❛♠ ♦s ♥í✈❡✐s ❞❡ ❝✐♥③❛ ❞❡ f(x, y) ❡ g(x, y)✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊st❡ t✐♣♦ ❞❡
❢✉♥çã♦ ♣❡r♠✐t❡ ♦♣❡r❛çõ❡s ❝♦♠♦ ♠✉❞❛♥ç❛ ❞❡ ❝♦♥tr❛st❡✱ ❜✐♥❛r✐③❛çã♦ ❞❡ ✐♠❛❣❡♠ ♦✉ ❧✐♠✐❛r✐③❛çã♦ ❬✶✶❪✳
❖✉tr❛ ✈❛r✐❡❞❛❞❡ ❞❡ ❢✉♥çõ❡s ♣♦❞❡ s❡r ❛♣❧✐❝❛❞❛ s♦❜r❡ ❛ ✐♠❛❣❡♠ ❛♦ s❡ tr❛❜❛❧❤❛r ✈✐③✐♥❤❛♥ç❛s ♠❛✐♦r❡s✳
❈♦st✉♠❛✲s❡ ✉t✐❧✐③❛r ✉♠❛ ❥❛♥❡❧❛ ♦✉ ♠ás❝❛r❛ ❡♠ ❢♦r♠❛ ❞❡ ♠❛tr✐③ 3×3 ♣❛r❛ s❡ ❢❛③❡r ♦♣❡r❛çõ❡s✳ ❊ss❛
té❝♥✐❝❛ ❝♦st✉♠❛ s❡r ❝❤❛♠❛❞❛ ❞❡ ✜❧tr❛❣❡♠✳
❖s ♠ét♦❞♦s ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛ s❡ ❜❛s❡✐❛♠ ♥♦ t❡♦r❡♠❛ ❞❛ ❝♦♥✈♦❧✉çã♦ ❝♦♠ ✉♠ ♦♣❡r❛❞♦r
❧✐♥❡❛r ✐♥✈❛r✐❛♥t❡ ❝♦♠ ❛ ♣♦s✐çã♦ h(x, y) ♥❛ ❢♦r♠❛✿
g(x, y) = h(x, y) ∗ f(x, y) ✭✷✳✸✮
✶✵
♦✉✱ ❛ ♣❛rt✐r ❞♦ t❡♦r❡♠❛ ❞❛ ❝♦♥✈♦❧✉çã♦✱ ♥♦ ❞♦♠í♥✐♦ ❞❛ ❢r❡q✉ê♥❝✐❛✿
G(u, v) = H(u, v)F (u, v) ✭✷✳✹✮
❡♠ q✉❡ G✱ H ❡ F sã♦ tr❛♥s❢♦r♠❛❞❛s ❞❡ ❋♦✉r✐❡r ❞❡ g✱ h ❡ f ✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳ ❊st❛ tr❛♥s❢♦r♠❛❞❛
é ♠❡❧❤♦r ❞❡♠♦♥str❛❞❛ ♥❛ ✜❣✉r❛ ✷✳✹✳ ❙✐♠✐❧❛r♠❡♥t❡ ❛♦s s✐st❡♠❛s ❧✐♥❡❛r❡s✱ ❛ tr❛♥s❢♦r♠❛❞❛ H(u, v) é
❝❤❛♠❛❞❛ ❞❡ ❢✉♥çã♦ ❞❡ tr❛♥s❢❡rê♥❝✐❛ ó♣t✐❝❛✳ ❆ ❡q✉❛çã♦ ✷✳✸ é ✉♠ ♣r♦❝❡ss♦ ❡s♣❛❝✐❛❧ ❛♥á❧♦❣♦ ❛♦ ✉s♦
❞❡ ♠ás❝❛r❛s ❡ h(x, y) ❝♦st✉♠❛ s❡r ❝❤❛♠❛❞❛ ❞❡ ♠ás❝❛r❛ ❞❡ ❝♦♥✈♦❧✉çã♦ ❡s♣❛❝✐❛❧ ❬✶✶❪✳
❆ s❡❣✉✐r sã♦ ❞❡t❛❧❤❛❞♦s ♦s ♠ét♦❞♦s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ✉t✐❧✐③❛❞♦s ♥❡st❡ tr❛❜❛❧❤♦✳
✷✳✷✳✷✳✶ ❚é❝♥✐❝❛s ❡s♣❡❝✐❛✐s ♣❛r❛ s✐st❡♠❛s r❡❝♦♥✜❣✉rá✈❡✐s
❆ ❝♦♥✈♦❧✉çã♦ ♣♦❞❡ t❡r ✉♠ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡❧❡✈❛❞♦✱ ♠❡s♠♦ s❡ ✐♠♣❧❡♠❡♥t❛❞❛ ❡♠ s✐st❡♠❛s
r❡❝♦♥✜❣✉rá✈❡✐s✳ ❆❧❣✉♠❛s té❝♥✐❝❛s ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s ♣❛r❛ ❛✉♠❡♥t❛r ❛ ❡✜❝✐ê♥❝✐❛ ❞❡st❡ ♣r♦❝❡ss❛✲
♠❡♥t♦✳ ❯♠❛ ❞❡ss❛s té❝♥✐❝❛s é ❛ ❞❡s❝r✐t❛ ❡♠ ❬✶✷❪✳
❋✐❣✉r❛ ✷✳✺✿ ❊sq✉❡♠át✐❝♦ ❞❡ ❜✉✛❡r ♣❛r❛ ✜❧tr♦ ❝♦♥✈♦❧✉çã♦✳❬✶✷❪
❯♠ ❜✉✛❡r é ❝r✐❛❞♦ ♣❛r❛ ❛r♠❛③❡♥❛r ❞✉❛s ❧✐♥❤❛s ♠❛✐s ❞♦✐s ♣✐①❡❧s ❞❡ ❢♦r♠❛ ❛ s❡ ❡✈✐t❛r ❧❡✐t✉r❛s
❡♠ ♠❡♠ór✐❛✳ ❆ ❥❛♥❡❧❛ ♣❛r❛ ❛ ♠✉❧t✐♣❧✐❝❛çã♦ é ❝r✐❛❞❛ ❝♦♠ ✉♠ ♣✐①❡❧ ♥♦✈♦✱ r❡❝❡❜✐❞♦ ❛ ❝❛❞❛ ❝✐❝❧♦✱
❡ ♦s ✈❛❧♦r❡s ❛r♠❛③❡♥❛❞♦s ♥♦ ❜✉✛❡r✳ ❖ ❜✉✛❡r s♦❢r❡ ✉♠ s❤✐❢t ❝♦♠ t♦❞♦s ♦s s❡✉s ❡❧❡♠❡♥t♦s ♣❛r❛ ❛
❡sq✉❡r❞❛✱ ❞❡s❝❛rt❛♥❞♦ ♦ ú❧t✐♠♦ ✈❛❧♦r ❛r♠❛③❡♥❛❞♦ ❡ ❧✐❜❡r❛♥❞♦ ❡s♣❛ç♦ ❛ ♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❞❡ ✉♠
♥♦✈♦ ♣✐①❡❧✳ ❆ ✜❣✉r❛ ✷✳✺ ❞❡♠♦♥str❛ ❡ss❛ té❝♥✐❝❛✳
✶✶
✷✳✷✳✷✳✷ ▲✐♠✐❛r✐③❛çã♦
❚❛♠❜é♠ ❝❤❛♠❛❞❛ ❞❡ ❜✐♥❛r✐③❛çã♦✱ ❡st❡ é ✉♠ ♠ét♦❞♦ ❡s♣❛❝✐❛❧ q✉❡ ❝♦♥s✐st❡ ❡♠ s❡♣❛r❛r ✉♠❛
✐♠❛❣❡♠ ❡♠ ❞✐❢❡r❡♥t❡s ♥í✈❡✐s ❞❡ ❝✐♥③❛ ❬✶✶❪✳ ❖ ❝♦♠✉♠ é t❡r ❛♣❡♥❛s ✉♠ ❧✐♠✐❛r ❡ ❞♦✐s ♥í✈❡✐s✱ ♦ q✉❡
❝♦♥st✐t✉✐ ❡♠ ✉♠❛ ❜✐♥❛r✐③❛çã♦ ❞❛ ✐♠❛❣❡♠✳ ❆ ❜✐♥❛r✐③❛çã♦ ♣♦❞❡ s❡r ❢❡✐t❛ ❞❡ ❞✉❛s ❢♦r♠❛s✿ tr❛♥s❢♦r♠❛r
t♦❞♦s ♦s ♣✐①❡❧s ❛❜❛✐①♦ ❞❡ ✉♠ ❧✐♠✐❛r ❡♠ ③❡r♦ ✭♣r❡t♦✮ ♦✉ tr❛♥s❢♦r♠❛r t♦❞♦s ♦s ❛❝✐♠❛ ❞♦ ❧✐♠✐❛r ♥♦
♥í✈❡❧ ♠á①✐♠♦ ✭❜r❛♥❝♦✮✳
❖ ♠❛✐s ❝♦♠✉♠ é ❛ ❧✐♠✐❛r✐③❛çã♦ q✉❡ tr❛♥s❢♦r♠❛ t♦❞♦s ♦s ♣✐①❡❧s ❛❜❛✐①♦ ❞♦ ❧✐♠✐❛r ❡♠ ♣r❡t♦ ❡
t♦❞♦s ❛❝✐♠❛ ❡♠ ❜r❛♥❝♦✱ ♦✉ s❡❥❛ ✉♠❛ ✐♠❛❣❡♠ ❜✐♥ár✐❛✳
❆ ❧✐♠✐❛r✐③❛çã♦ ♣♦r s❡r ❢❡✐t❛ ❝♦♠ ✉♠ ❧✐♠✐❛r ♣ré ❞❡✜♥✐❞♦ ♦✉ ❞❡ ❢♦r♠❛ ❛✉t♦♠át✐❝❛✳ ❯♠ ❡①❡♠♣❧♦
❞❡ ❧✐♠✐❛r✐③❛çã♦ ❛✉t♦♠át✐❝❛ é ❛ ❞❡ ❡q✉✐❧í❜r✐♦ ❞❡ ❤✐st♦❣r❛♠❛✱ ♦♥❞❡ ✉♠ ❛❧❣♦r✐t♠♦ é ✉t✐❧✐③❛❞♦ ♣❛r❛
s❡♣❛r❛r ❡q✉✐❧✐❜r❛❞❛♠❡♥t❡ ♦s ❞♦✐s ❣r✉♣♦s ❞❡ ♣✐①❡❧s ♠❛✐s ❝❧❛r♦s ❡ ♠❛✐s ❡s❝✉r♦s✳
✷✳✷✳✸ ❉✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛
■♠❛❣❡♥s ❞❡ ♦❜❥❡t♦s tr✐❞✐♠❡♥s✐♦♥❛✐s ❝❛♣t✉r❛❞♦s ♣♦r ✉♠❛ ❝â♠❡r❛ ♣♦❞❡♠ t❡r s✉❛s ❞✐♠❡♥sõ❡s
❞✐st♦r❝✐❞❛s ♣♦✐s ❛ ✐♠❛❣❡♠ é ✉♠❛ ♣r♦❥❡çã♦ ❜✐❞✐♠❡♥s✐♦♥❛❧ ❞❡ ♣❛rt❡ ❞♦ ♦❜❥❡t♦✳ ❊ss❛ ❞✐st♦rçã♦ ♣♦❞❡
t♦r♥❛r ✐♠♣♦ssí✈❡❧ ❛ t❛r❡❢❛ ❞❡ ♠❡❞✐r ❝♦rr❡t❛♠❡♥t❡ ❞✐♠❡♥sõ❡s ❞♦ ♦❜❥❡t♦ ❡♠ q✉❡stã♦✳
❆ ♣r♦❥❡çã♦ q✉❡ ♦❝♦rr❡ ♥♦ ❝❛s♦ ❞❡ ❝❛♣t✉r❛ ❞❡ ✐♠❛❣❡♠ ♣♦r ✉♠❛ ❝â♠❡r❛ é ❞♦ t✐♣♦ ❝ô♥✐❝❛✱ ❡ ♥ã♦
❝✐❧í♥❞r✐❝❛✱ ✐ss♦ ✐♠♣❧✐❝❛ q✉❡ ♦❜❥❡t♦s ❞❡ ❞✐♠❡♥sõ❡s ✐❣✉❛✐s ♥♦ ♠✉♥❞♦ r❡❛❧ q✉❡ ❡st❡❥❛♠ ❛ ❞✐❢❡r❡♥t❡s
❞✐stâ♥❝✐❛s ❞❛ ❝â♠❡r❛ t❡rã♦ s✉❛s ♣r♦❥❡çõ❡s ❝♦♠ ❞✐❢❡r❡♥t❡s t❛♠❛♥❤♦s ♥❛ ✐♠❛❣❡♠ ❬✶✸❪✳ ❆❧é♠ ❞✐ss♦
❝â♠❡r❛s ♣♦❞❡♠ ✜❝❛r ❡♠ â♥❣✉❧♦s ♦❜❧íq✉♦s ❡♠ r❡❧❛çã♦ ❛♦s ♣❧❛♥♦s ❞❡ ✐♥t❡r❡ss❡ ❞♦s ♦❜❥❡t♦s ❡ ❡ss❛
♣r♦❥❡çã♦ ♦❜❧íq✉❛ ♣♦❞❡ r❡s✉❧t❛r ❡♠ ❞✐❢❡r❡♥t❡s ♠❡❞✐❞❛s ❡♠ ❞✐❢❡r❡♥t❡s ❡✐①♦s✳
P❛r❛ ❡❧✐♠✐♥❛r ♦ ♣r♦❜❧❡♠❛ ❞❡ ❞✐st♦rçã♦ ❡①✐st❡♠ ❞♦✐s ♠ét♦❞♦s ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦s✿ ✈✐sã♦ ❡s✲
t❡r❡♦s❝ó♣✐❝❛ ❡ tr❛♥s❢♦r♠❛çã♦ ❞❡ ♣r♦❥❡çã♦✳ ❖ ♠ét♦❞♦ ❞❡ ✈✐sã♦ ❡st❡r❡♦s❝ó♣✐❝❛✱ ❛♣❡s❛r ❞❡ ♣❡r♠✐t✐r
❣❡r❛r ✉♠ ♦❜❥❡t♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ✈✐rt✉❛❧✱ ❢♦✐ ❞❡s❝❛rt❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦ ♣♦✐s s❡r✐❛ t❡❝♥✐❝❛♠❡♥t❡ ✐♥✲
✈✐á✈❡❧✳ ❊♠ ❛♠❜✐❡♥t❡s ❝♦♠ ✉♠ r❛③♦á✈❡❧ ❝♦♥tr♦❧❡✱ ❝♦♠♦ ♠❛♥t❡r ❛ ❝â♠❡r❛ ✜①❛ ❡♠ r❡❧❛çã♦ ❛♦ ♦❜❥❡t♦✱
❛ tr❛♥s❢♦r♠❛çã♦ ❞❡ ♣r♦❥❡çã♦ é s✉✜❝✐❡♥t❡ ♣❛r❛ s❡ ♦❜t❡r ♦s ❞❛❞♦s ♥❡❝❡ssár✐♦s✳
✭❛✮ ✭❜✮
❋✐❣✉r❛ ✷✳✻✿ ✭❛✮ ▼♦❞❡❧♦ ❞❡ ❝â♠❡r❛ ♣❧❛♥❛✳ ✭❜✮ ▼♦❞❡❧♦ ❞❡ ❝â♠❡r❛ ✉♥✐❞✐♠❡♥s✐♦♥❛❧✳ ❬✶✸❪
✶✷
✷✳✷✳✸✳✶ ❈♦♦r❞❡♥❛❞❛s ❍♦♠♦❣ê♥❡❛s
▼❛t❡♠❛t✐❝❛♠❡♥t❡ ♦ ♠♦❞❡❧♦ ❞❡ ❝â♠❡r❛ ❡ ❞❡ ♣r♦❥❡çã♦ ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ ♣♦r ✉♠❛ ♠❛tr✐③ ❞❡
tr❛♥s❢♦r♠❛çã♦ H✳ P♦♥t♦s ❞♦ ♣❧❛♥♦ r❡❛❧✱ Π sã♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ✈❡t♦r❡s ❡♠ ❧❡tr❛ ♠❛✐ús❝✉❧❛✱ ❳✱
❡ ❛s ✐♠❛❣❡♥s ❝♦rr❡s♣♦♥❞❡♥t❡s✱ ♥♦ ♣❧❛♥♦ π sã♦ r❡♣r❡s❡♥t❛❞❛s ♣♦r ✈❡t♦r❡s ❞❡ ❧❡tr❛ ♠✐♥ús❝✉❧❛✱ ①✳ ❆
✜❣✉r❛ ✷✳✻ ❞❡♠♦♥str❛ ❡ss❛s ❝♦♦r❞❡♥❛❞❛s ❡♠ s❡✉s r❡s♣❡❝t✐✈♦s ♣❧❛♥♦s✳ ❆ ♣r♦❥❡çã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛ ❞♦s
♣♦♥t♦s ❝♦rr❡s♣♦♥❞❡♥t❡s é ❞❛❞❛ ♣♦r ❬✶✹❪ ✿
① = T❳ ✭✷✳✺✮
❖♥❞❡ T é ✉♠❛ ♠❛tr✐③ 3 × 3 ❡ ✑=✑ r❡♣r❡s❡♥t❛ ✐❣✉❛❧❞❛❞❡ ❡♠ ❡s❝❛❧❛✳ ❖s ✈❡t♦r❡s ❞❡ ♣♦♥t♦s
sã♦ ❞❛❞♦s ♣♦r✿ ❳ = (X1, X2, X3)T ❡ ① = (x1, x2, x3)T ✳ ◆❡ss❡s ✈❡t♦r❡s✱ X1 ❡ x1 r❡♣r❡s❡♥t❛♠ ❛s
❝♦♦r❞❡♥❛❞❛s ♥♦ ❡✐①♦ x✱ Y1 ❡ y1 r❡♣r❡s❡♥t❛♠ ❛s ❝♦♦r❞❡♥❛❞❛s ♥♦ ❡✐①♦ y✱ Z1 ❡ z1 r❡♣r❡s❡♥t❛♠ ❛s
❝♦♦r❞❡♥❛❞❛s ♥♦ ❡✐①♦ z✳
❖ ♣♦♥t♦ ❞❛ ✐♠❛❣❡♠✱ ✉♠❛ ♣r♦❥❡çã♦✱ é r❡♣r❡s❡♥t❛❞♦ ♣♦r três ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛s✱ ① =
(x1, x2, x3)
T ✳ ❊ss❛s ❝♦♦r❞❡♥❛❞❛s sã♦ ❝❤❛♠❛❞❛s ❞❡ ❤♦♠♦❣ê♥❡❛s✳ ❆♣❡♥❛s ❛ ❞✐r❡çã♦ ❞♦ ✈❡t♦r é
✐♠♣♦rt❛♥t❡ ✈✐st♦ q✉❡✱ ✐♥❞❡♣❡♥❞❡♥t❡ ❞❛ ❞✐stâ♥❝✐❛ ❞❛ ❝â♠❡r❛✱ q✉❛❧q✉❡r ♣♦♥t♦ r❡❛❧ ❡♠ ❞❡t❡r♠✐♥❛❞❛
❞✐r❡çã♦ ❛♣❛r❡❝❡rá ❡♠ ✉♠ ú♥✐❝♦ ♣♦♥t♦ ♥❛ ♣r♦❥❡çã♦✳ P♦rt❛♥t♦ t♦❞♦s ♦s ♣♦♥t♦s ❞❛ ❢♦r♠❛ λ① =
(λx1, λx2, λx3) sã♦ ❡q✉✐✈❛❧❡♥t❡s✳
P❛r❛ r❡♣r❡s❡♥t❛r ♦s ♣♦♥t♦s ❡♠ ✉♠ ♣❧❛♥♦ ❝❛rt❡s✐❛♥♦ ❝♦♥✈❡♥❝✐♦♥❛❧ ❞❛ ❢♦r♠❛ (x, y)✱ ❞❡✈❡✲s❡ ❝♦♥✲
str✉✐r ✉♠ ♣❧❛♥♦ ❡s♣❡❝✐❛❧ πe)✱ ♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ❡✐①♦ x3 ❛ ✉♠❛ ❞✐stâ♥❝✐❛ ✉♥✐tár✐❛ ♥❛ ❞✐r❡çã♦ ❞❡ x3✳
❆ ✐♥t❡rs❡❝çã♦ ❞♦ ✈❡t♦r ① ❝♦♠ ♦ ♣❧❛♥♦ πe é ♦ ♣♦♥t♦ xe = (x, y, 1)✳
➱ ❞❡ ✐♥t❡r❡ss❡ q✉❡ ❛ ♣♦s✐çã♦ ❞❡ss❡ ♣❧❛♥♦ ♥ã♦ ❛❢❡t❡ ❛ ♣♦s✐çã♦ ❞❛s ❝♦♦r❞❡♥❛❞❛s ❝❛rt❡s✐❛♥❛s (x, y)✱










= (x, y, 1)T ✭✷✳✻✮
❖ ♠♦❞❡❧♦ ❞❛ ❝â♠❡r❛ é ❝♦♠♣❧❡t❛♠❡♥t❡ ❡s♣❡❝✐✜❝❛❞♦ ♣❡❧❛ ♠❛tr✐③ T ✱ q✉❡ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞❛ ❝♦♠
❛ ♣♦s✐çã♦ r❡❧❛t✐✈❛ ❞♦s ❞♦✐s ♣❧❛♥♦s ❡ ♦ ♣♦♥t♦ ❢♦❝❛❧ ❞❛ ❝â♠❡r❛✳ P♦ré♠✱ ❡ss❛ ♠❛tr✐③ t❛♠❜é♠ ♣♦❞❡ s❡r
❝❛❧❝✉❧❛❞❛ ❞✐r❡t❛♠❡♥t❡ ♣♦r ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❡♥tr❡ ♣♦♥t♦s ♥❛ ✐♠❛❣❡♠ ❡ ♣♦♥t♦s ♥♦ ♠✉♥❞♦ r❡❛❧✳ ❊ss❡
❝á❧❝✉❧♦ é ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✷✳✷✳✸✳✷✳
✷✳✷✳✸✳✷ ❈á❧❝✉❧♦ ❞❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦































❆ ❡s❝❛❧❛ λ ❞❛ ♠❛tr✐③ ♥ã♦ ❛❢❡t❛ ❛ ❡q✉❛çã♦✱ ♣♦rt❛♥t♦ ❛♣❡♥❛s ♦s ♦✐t♦ ❣r❛✉s ❞❡ ❧✐❜❡r❞❛❞❡ ❝♦rr❡✲
s♣♦♥❞❡♥t❡s à r❛③ã♦ ❞♦s ❡❧❡♠❡♥t♦s ❞❛ ♠❛tr✐③ sã♦ s✐❣♥✐✜❝❛♥t❡s✳
➚ ♣❛rt✐r ❞❛ ❡q✉❛çã♦ ✷✳✼✱ ❝❛❞❛ ❝♦rr❡s♣♦♥❞ê♥❝✐❛ ❡♥tr❡ ♣♦♥t♦s r❡❛✐s ❡ ♣♦♥t♦s ❞❛ ✐♠❛❣❡♠ ❣❡r❛
❞✉❛s ❡q✉❛çõ❡s ❞❡ ❝♦♦r❞❡♥❛❞❛ ❝❛rt❡s✐❛♥❛s ❍✳ P❛r❛ n ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ♦❜té♠✲s❡ ✉♠ s✐st❡♠❛ ❝♦♠
2n ❡q✉❛çõ❡s ❝♦♠ 8 ✈❛r✐á✈❡✐s✳ ❙❡ n = 4✱ ♦❜té♠✲s❡ ❛ s♦❧✉çã♦ ❡①❛t❛ ❬✶✹❪✳ ❙❡ n > 4✱ ❛ ♠❛tr✐③ é
s✉♣❡r✲❞❡t❡r♠✐♥❛❞❛ ❡ ❡st✐♠❛✲s❡ ❍ ♣♦r ♠✐♥✐♠✐③❛çã♦ ❬✶✸❪✳





t11X + t12Y + t13






t21X + t22Y + t23
t31X + t32Y + t33
✭✷✳✾✮
P❛r❛ ❞❡✜♥✐r ♦s ❡❧❡♠❡♥t♦s ❞❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❞❡✈❡✲s❡ t❡r q✉❛tr♦ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s
❞❡ ♣♦♥t♦s ❡♥tr❡ ♣❧❛♥♦ r❡❛❧ ❡ ♣r♦❥❡çã♦✳ ❈♦♠ ❛ ❡s❝❛❧❛ ❞❡ ❚ ❛r❜✐trár✐❛✱ ❡ t33 = 1✱ ❚ê♠✲s❡ ♦s


















X1 Y1 1 0 0 0 −x1X1 −x1Y1
0 0 0 X1 Y1 1 −y1X1 −y1Y1
X2 Y2 1 0 0 0 −x2X2 −x2Y2
0 0 0 X2 Y2 1 −y2X2 −y2Y2
X3 Y3 1 0 0 0 −x3X3 −x3Y3
0 0 0 X3 Y3 1 −y3X3 −y3Y3
X4 Y4 1 0 0 0 −x4X4 −x4Y4



































































































❊ss❡ s✐st❡♠❛ ❧✐♥❡❛r ❣❛r❛♥t❡ ❛ s♦❧✉çã♦ ♣❛r❛ ❛ ♠❛tr✐③ ❚✱ ❞❡s❞❡ q✉❡ ♥❡♥❤✉♠ ❣r✉♣♦ ❞❡ três ♣♦♥t♦s
s❡❥❛♠ ❝♦❧✐♥❡❛r❡s✳
❋✐♥❛❧♠❡♥t❡✱ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦✱ ❞❡✈❡✲s❡ r❡s♦❧✈❡r ❛ ❡q✉❛çã♦ ✷✳✶✵ ♣❛r❛
t11 ❛ t32✳ ❖ s✐st❡♠❛ é ❞♦ ❢♦r♠❛t♦ A · T = B✱ ❡ ♣♦❞❡ s❡r ❝❛❧❝✉❧❛❞♦ ❝♦♠ ❛ r❡❣r❛ ❞❛ ♠❛tr✐③ ✐♥✈❡rs❛✳
❆ s♦❧✉çã♦ s❡❣✉❡✲s❡ ♥❛ ❡q✉❛çã♦ ✷✳✶✷ ❛❜❛✐①♦✿



























































X1 Y1 1 0 0 0 −x1X1 −x1Y1
0 0 0 X1 Y1 1 −y1X1 −y1Y1
X2 Y2 1 0 0 0 −x2X2 −x2Y2
0 0 0 X2 Y2 1 −y2X2 −y2Y2
X3 Y3 1 0 0 0 −x3X3 −x3Y3
0 0 0 X3 Y3 1 −y3X3 −y3Y3
X4 Y4 1 0 0 0 −x4X4 −x4Y4




























































✷✳✷✳✸✳✸ ▼✐♥✐♠✐③❛çã♦ ❞❡ ❡rr♦s ❞❛ tr❛♥s❢♦r♠❛çã♦
P❛r❛ q✉❡ s❡ ♠✐♥✐♠✐③❡♠ ❛s ♠❛r❣❡♥s ❞❡ ❡rr♦ ❞❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❚✱ sã♦ ♥❡❝❡ssár✐♦s
♠❛✐s ❞❡ q✉❛tr♦ ❝♦rr❡s♣♦♥❞ê♥❝✐❛s ❞❡ ♣♦♥t♦s✳ ❉❡ ♠♦❞♦ ❣❡r❛❧✱ ❝♦♠♦ ❞❡♠♦♥str❛❞♦ ❡♠ ❬✶✸❪✱ q✉❛♥t♦
♠❛✐s ♣♦♥t♦s ✉t✐❧✐③❛❞♦s ♥❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦✱ ♠❡♥♦r é ❛ ✐♥❝❡rt❡③❛✳ P❛r❛ n















X1 Y1 1 0 0 0 −x1X1 −x1Y1
0 0 0 X1 Y1 1 −y1X1 −y1Y1
X2 Y2 1 0 0 0 −x2X2 −x2Y2









Xn Yn 1 0 0 0 −xnXn −xnYn




























































































✷✳✷✳✹ ❉❡t❡❝çã♦ ❞❡ ❝❛♥t♦s
▼✉✐t❛s t❛r❡❢❛s ❡♠ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s r❡q✉❡r❡♠ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❡❧❡♠❡♥t♦s ❡♠ ✐♠❛❣❡♥s✱
❝♦♠♦ ✜❣✉r❛s ❣❡♦♠étr✐❝❛s✱ ❧✐♥❤❛s ❡ ♣♦♥t♦s✳ ❊①✐st❡♠ ❞✐✈❡rs♦s ♠ét♦❞♦s ❡ ❛❧❣♦rít✐♠♦s ♣❛r❛ ❞❡t❡❝çã♦
❞❡ ❝❛♥t♦s✱ ♠❛s ❛♣❡♥❛s ♦ ♠ét♦❞♦ ❞❡ ❍❛rr✐s ❬✶✺❪ s❡rá ❞❡s❝r✐t♦ ♥❡ss❛ s❡çã♦ ♣♦✐s ❛♣r❡s❡♥t❛ ❛❧t❛ t❛①❛
❞❡ ❛❝❡rt♦ ❡ ❢á❝✐❧ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ♣❛r❛❧❡❧✐s♠♦✱ q✉❡ ♣♦❞❡ ❛❝❡❧❡r❛r ♦ ♣r♦❝❡ss♦ ❡♠ ✉♠ ❋P●❆✳
✷✳✷✳✹✳✶ ❉❡t❡❝t♦r ❞❡ ▼♦r❛✈❡❝
❖ ❛❧❣♦rít✐♠♦ ♣❛rt❡ ❞♦ ♣r✐♥❝í♣✐♦ ❞❡ ❞✐❢❡r❡♥❝✐❛çã♦ ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❡♠ ♣♦rçõ❡s ❞❡ ✐♠❛❣❡♥s ✉s❛❞♦
♥♦ ❞❡t❡❝t♦r ❞❡ ✐♠❛❣❡♥s ❞❡ ▼♦r❛✈❡❝ ❬✶✻❪✳ ❖ ❞❡t❡❝t♦r ❞❡ ▼♦r❛✈❡❝ ❢✉♥❝✐♦♥❛ ❝♦♥s✐❞❡r❛♥❞♦ ✉♠❛ ❥❛♥❡❧❛
♥❛ ✐♠❛❣❡♠✱ ❡ ❞❡t❡r♠✐♥❛ ❛ ♠✉❞❛♥ç❛ ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❞❛ ✐♠❛❣❡♠ q✉❡ r❡s✉❧t❛ ❞♦ ❞❡s❧♦❝❛♠❡♥t♦ ❞❡ss❛
❥❛♥❡❧❛ ❡♠ ✈ár✐❛s ❞✐r❡çõ❡s✳ ❙ã♦ ❢❡✐t❛s ❛s s❡❣✉✐♥t❡s ❝♦♥s✐❞❡r❛çõ❡s✿
✶✳ ❙❡ ❛ ✐♠❛❣❡♠ ♥❛ ❥❛♥❡❧❛ é ♣❧❛♥❛✱ ✭❛♣r♦①✐♠❛❞❛♠❡♥t❡ ❝♦♥st❛♥t❡ ❡♠ ✐♥t❡♥s✐❞❛❞❡✮✱ ❡♥tã♦ t♦❞♦s
♦s ❞❡s❧♦❝❛♠❡♥t♦s r❡s✉❧t❛♠ ❡♠ ✉♠❛ ♠✉❞❛♥ç❛ ♣❡q✉❡♥❛❀
✶✺
✷✳ ❙❡ ❛ ❥❛♥❡❧❛ s❡ ♠♦✈❡ ❛♦ ❧♦♥❣♦ ❞❡ ✉♠❛ ❜♦r❞❛✱ ❡♥tã♦ ❛ ♠✉❞❛♥ç❛ ❞❡ ✐♥t❡♥s✐❞❛❞❡ é ♣❡q✉❡♥❛✱ ♠❛s
s❡ ♦ ❞❡s❧♦❝❛♠❡♥t♦ ❢♦r ♣❡r♣❡♥❞✐❝✉❧❛r à ❜♦r❞❛✱ ❛ ♠✉❞❛♥ç❛ é ❣r❛♥❞❡❀
✸✳ ❙❡ ❛ ❥❛♥❡❧❛ ❝♦♥té♠ ✉♠ ❝❛♥t♦ ♦✉ ♣♦♥t♦ ✐s♦❧❛❞♦✱ ❡♥tã♦ t♦❞❛s ♦s ❞❡s❧♦❝❛♠❡♥t♦s r❡s✉❧t❛♠ ❡♠
✉♠❛ ❣r❛♥❞❡ ♠✉❞❛♥ç❛ ❞❡ ✐♥t❡♥s✐❞❛❞❡✳ P♦rt❛♥t♦✱ ✉♠ ❝❛♥t♦ ♣♦❞❡ s❡r ❞❡t❡❝t❛❞♦ q✉❛♥❞♦ ❛
♠❡♥♦r ♠✉❞❛♥ç❛ ♣r♦❞✉③✐❞❛ ♣♦r q✉❛❧q✉❡r ❞❡s❧♦❝❛♠❡♥t♦ ❢♦r ❣r❛♥❞❡✳
❋♦✐ ❢❡✐t❛ ❛ ❞❡s❝r✐çã♦ ♠❛t❡♠át✐❝❛ ❞❛s ❝♦♥s✐❞❡r❛çõ❡s ❛❝✐♠❛✳ ❉❡♥♦t❛♥❞♦ ❛s ✐♥t❡♥s✐❞❛❞❡s ❝♦♠♦ I✱







❖♥❞❡ w ❡s♣❡❝✐✜❝❛ ❛ ❥❛♥❡❧❛ ❞❛ ✐♠❛❣❡♠✿ é ✉♠❛ ✉♥✐❞❛❞❡ ❞❡♥tr♦ ❞❡ ✉♠❛ r❡❣✐ã♦ r❡t❛♥❣✉❧❛r ❡s♣❡❝í✲
✜❝❛✱ ❡ ③❡r♦ ❢♦r❛ ❞❡❧❛✳ ❖s ❞❡s❧♦❝❛♠❡♥t♦s (x, y)✱ sã♦ ❞♦ t✐♣♦ (1, 0), (1, 1), (0, 1), (−1, 1)✳ P♦rt❛♥❞♦
♦ ❞❡t❡❝t♦r ❞❡ ▼♦r❛✈❡❝ é ❜❛s✐❝❛♠❡♥t❡✿ ♣r♦❝✉r❛r ♣♦r ✉♠ ♠á①✐♠♦ ❧♦❝❛❧ ❡♠ min(E) ❛❝✐♠❛ ❞❡ ✉♠❛
❧✐♠✐t❡ ❡st❛❜❡❧❡❝✐❞♦✳
✷✳✷✳✹✳✷ ❉❡t❡❝t♦r ❞❡ ❛✉t♦✲❝♦rr❡❧❛çã♦
❆ ♣❡r❢♦r♠❛♥❝❡ ❞♦ ❞❡t❡❝t♦r ❞❡ ▼♦r❛✈❡❝ ❝♦♥té♠ ✉♠❛ sér✐❡ ❞❡ ❡rr♦s ❝♦♥❢♦r♠❡ ❞❡♠♦♥str❛❞♦ ❡♠
❬✶✺❪✱ q✉❡ ❡♥tã♦ ♦s ❧✐st♦✉ ❡ ❢❡③ ❛s ❞❡✈✐❞❛s ❝♦rr❡çõ❡s✿
✶✳ ❆ r❡s♣♦st❛ é ❛♥✐s♦tró♣✐❝❛ ♣♦rq✉❡ ❛♣❡♥❛s ✉♠ ❣r✉♣♦ ❞❡ ❞❡s❧♦❝❛♠❡♥t♦s ❞✐s❝r❡t♦s é
❝♦♥s✐❞❡r❛❞♦ ✲ t♦❞♦s ♦s ♣♦ssí✈❡✐s ❞❡s❧♦❝❛♠❡♥t♦s ♣♦❞❡♠ s❡r ❝♦❜❡rt♦s ❢❛③❡♥❞♦ ✉♠❛ ❡①♣❛♥sã♦










wu,v[xX + yY +O(x
2, y2)]2 ✭✷✳✶✺✮
♦♥❞❡ ♦s ♣r✐♠❡✐r♦s ❣r❛❞✐❡♥t❡s sã♦ ❛♣r♦①✐♠❛❞♦s ♣♦r
X = I ⊗ (−1, 0, 1) ≈ δI/δx
Y = I ⊗ (−1, 0, 1)T ≈ δI/δy
❊♥tã♦ ♣❛r❛ ♣❡q✉❡♥❛s ♠✉❞❛♥ç❛s✱ E ♣♦❞❡ s❡r ❡s❝r✐t♦
E(x, y) = Ax2 + 2Cxy +By2
♦♥❞❡
A = X2 ⊗ w
B = Y 2 ⊗ w
C = (XY )⊗ w
✶✻
✷✳ ❆ r❡s♣♦st❛ é r✉✐❞♦s❛ ♣♦rq✉❡ ❛ ❥❛♥❡❧❛ é ❜✐♥ár✐❛ ❡ r❡t❛♥❣✉❧❛r ✲ ✉s❛r ✉♠❛ ❥❛♥❡❧❛ ❝✐r❝✉❧❛r
s✉❛✈❡✱ ♣♦r ❡①❡♠♣❧♦ ✉♠❛ ●❛✉ss✐❛♥❛✿
wu,v = exp− (u
2 + v2)/2σ2
✸✳ ❖ ♦♣❡r❛❞♦r r❡s♣♦♥❞❡ ♠✉✐t♦ ❝❡❞♦ ❛ ❜♦r❞❛s ♣♦rq✉❡ ♦ ❛♣❡♥❛s ♦ ♠í♥✐♠♦ ❞❡ E é
❝♦♥s✐❞❡r❛❞♦ ✲ r❡❢♦r♠✉❧❛r ❛ ♠❡❞✐❞❛ ❞❡ ❝❛♥t♦ ♣❛r❛ ✉s❛r ❛ ✈❛r✐❛çã♦ ❞❡ E ❝♦♠ ❛ ❞✐r❡çã♦ ❞♦
❞❡s❧♦❝❛♠❡♥t♦✳ ❆ ♠✉❞❛♥ç❛✱ E✱ ♣❛r❛ ✉♠ ♣❡q✉❡♥♦ ❞❡s❧♦❝❛♠❡♥t♦ (x, y) ♣♦❞❡ s❡r ❡s❝r✐t❛ ❝♦♠♦✿
E(x, y) = (x, y)M(x, y)T







❖s ❛✉t♦✈❛❧♦r❡s α ❡ β ❞❡ M ❝♦rr❡s♣♦♥❞❡♠ à ♣r✐♥❝✐♣❛✐s ❝✉r✈❛t✉r❛s ❞❛ ❢✉♥çã♦ ❞❡ ❛✉t♦❝♦rr❡❧❛çã♦
❧♦❝❛❧✳ ❙ã♦ três ♦s ❝❛s♦s ❡♠ r❡❧❛çã♦ ❛♦s ❛✉t♦✈❛❧♦r❡s✿
✶✳ ❙❡ ❛♠❜♦s sã♦ ♣❡q✉❡♥♦s✱ ❛ ❥❛♥❡❧❛ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ✐♠❛❣❡♠ ♣❧❛♥❛❀
✷✳ ❙❡ ✉♠ é ♣❡q✉❡♥♦ ❡ ♦ ♦✉tr♦ é ❣r❛♥❞❡✱ ❛ ❥❛♥❡❧❛ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠❛ ❜♦r❞❛❀
✸✳ ❙❡ ❛♠❜♦s sã♦ ❣r❛♥❞❡s✱ ❛ ❥❛♥❡❧❛ ❝♦rr❡s♣♦♥❞❡ ❛ ✉♠ ❝❛♥t♦✳
❈♦♠ ❡ss❛s três ❝♦♥s✐❞❡r❛çõ❡s✱ s❡ ❢❛③ ♥❡❝❡ssár✐❛ t❛♠❜é♠ ✉♠❛ ♠❡❞✐❞❛ ❞❡ q✉❛❧✐❞❛❞❡ ❞❡ ❝❛♥t♦s✳
❈❛❧❝✉❧❛✲s❡ ❡♥tã♦ ✉♠❛ ♠❡❞✐❞❛ R✱ ❢✉♥çã♦ ❞❡ α ❡ β✳ P❛r❛ ❡✈✐t❛r ❛ ❞❡❝♦♠♣♦s✐çã♦ ❞♦s ❛✉t♦✈❛❧♦r❡s ❞❡
M ✱ ✉s❛✲s❡ ♦ tr❛ç♦ ❡ ❛ ❞❡t❡r♠✐♥❛♥t❡ ❞❛ ♠❛tr✐③✱ s❡♥❞♦ q✉❡✿
Tr(M) = α+ β = A+B
Det(M) = αβ = AB − C2
❋✐♥❛❧♠❡♥t❡✱ ❍❛rr✐s ✉s♦✉ ❛ s❡❣✉✐♥t❡ ❢♦r♠✉❧❛çã♦✿
R = Det(M)− kTr(M)2 ✭✷✳✶✼✮
❈♦♠ ❡ss❛ ❢♦r♠✉❧❛çã♦✱ ♣♦❞❡✲s❡ ❞❡✜♥✐r ♦ t✐♣♦ ❞❛ r❡❣✐ã♦ ❧♦❝❛❧✐③❛❞❛ ❡♠ (u, v)✿
• ❈❛♥t♦✱ s❡ R é ♣♦s✐t✐✈♦❀
• ❇♦r❞❛✱ s❡ R é ♥❡❣❛t✐✈♦❀
• ❘❡❣✐ã♦ ♣❧❛♥❛✱ s❡ R é ♣❡q✉❡♥♦✳
❈♦♠♦ R ♣♦❞❡ ❛ss✉♠✐r ✉♠❛ ❣r❛♥❞❡ ❣❛♠❛ ❞❡ ✈❛❧♦r❡s ♣❛r❛ ❞✐❢❡r❡♥t❡ r❡❣✐õ❡s ❞❛ ✐♠❛❣❡♥s ✉t✐❧✐③❛✲s❡
❧✐♠✐❛r❡s ♣❛r❛ ❞❡✜♥✐çã♦ ❞❡ss❛s r❡❣✐õ❡s✳ ■st♦ ❣❡r❛ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❝✐♥❝♦ r❡❣✐õ❡s ❞✐❢❡r❡♥t❡s✿ ❢✉♥❞♦✱
❞✉❛s ❝❧❛ss❡s ❞❡ ❝❛♥t♦ ❡ ❞✉❛s ❞❡ ❜♦r❞❛s✳ ◗✉❛♥❞♦ ♦ ♦❜❥❡t✐✈♦ é ❛♣❡♥❛s ❡♥❝♦♥tr❛r ❝❛♥t♦s✱ s♦♠❡♥t❡
❞♦✐s ❧✐♠✐❛r❡s sã♦ ♥❡❝❡ssár✐♦s✳
✶✼
✷✳✷✳✺ P❡r✜s ❱❡rt✐❝❛✐s ❡ ❍♦r✐③♦♥t❛✐s
❯♠❛ ❞❛s ❢❡rr❛♠❡♥t❛s ♣❛r❛ s❡ ❡♥❝♦♥tr❛r ❡❧❡♠❡♥t♦s ❡♠ ✐♠❛❣❡♥s sã♦ ♦s ♣❡r✜s ✈❡rt✐❝❛❧ ❡ ❤♦r✐③♦♥t❛❧
❞❛ ✐♠❛❣❡♠✱ ♦✉ ♣❡r✜s ❳ ❡ ❨ ❬✶✼❪✳ ❊ss❡s ♣❡r✜s ❝♦♥s✐st❡♠ ❜❛s✐❝❛♠❡♥t❡ ♥❛ s♦♠❛ ❞♦s ✈❛❧♦r❡s ❞❡ ♣✐①❡❧s
❞❡ ❧✐♥❤❛s ✭♣❡r✜❧ ❤♦r✐③♦♥t❛❧✮ ♦✉ ❝♦❧✉♥❛s ✭♣❡r✜❧ ✈❡rt✐❝❛❧✮ ❞❡ ✉♠❛ ✐♠❛❣❡♠✳
❊ss❡s ♣❡r✜s ♥♦r♠❛❧♠❡♥t❡ sã♦ ❛r♠❛③❡♥❛❞♦s ❡♠ ✈❡t♦r❡s ♣❛r❛ ❝♦♠♣❛r❛çã♦✱ ✈✐s✉❛❧✐③❛çã♦ ♦✉ ❡①✲
tr❛çã♦ ❞❡ ✐♥❢♦r♠❛çõ❡s✳ P♦r ❡①❡♠♣❧♦✿ ♦ ✈❛❧♦r ♠á①✐♠♦ ❞❡ ✉♠ ♣❡r✜❧ ❤♦r✐③♦♥t❛❧ ♣♦❞❡ ✐❞❡♥t✐✜❝❛r ❛
❧✐♥❤❛ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛ ❛ ♠❛✐♦r ❧❛r❣✉r❛ ❞❡ ✉♠ ♦❜❥❡t♦ ♥❛ ✐♠❛❣❡♠✳
❈♦♠ ♦s ✈❡t♦r❡s ❞❡ ♣❡r✜s t❛♠❜é♠ ♣♦❞❡♠✲s❡ ✉t✐❧✐③❛r s✉❛s ❞❡r✐✈❛❞❛s✳ ❈♦♠♦ ❡ss❡s ✈❡t♦r❡s sã♦
❞✐s❝r❡t♦s✱ ❛s ❞❡r✐✈❛❞❛s sã♦ ❛♣❡♥❛s ♦ r❡s✉❧t❛❞♦ ❞❛ s✉❜tr❛çã♦ ❞❡ ✉♠ ❡❧❡♠❡♥t♦ ♣❡❧♦ ❡❧❡♠❡♥t♦ ❝♦♥s❡❝✲
✉t✐✈♦✳
❉❡st❛ ❢♦r♠❛✱ ♣♦❞❡♠ s❡r ❝r✐❛❞♦s ♣❛r❡s ❞❡ ✈❡t♦r❡s ❝♦♠ ❡st❡s ✈❛❧♦r❡s✳ ❆s q✉❛♥t✐❞❛❞❡s ❞❡ ❡❧❡♠❡♥t♦s
❞❡ss❡s ✈❡t♦r❡s ❝♦rr❡s♣♦♥❞❡♠ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❧✐♥❤❛s ❡ ❝♦❧✉♥❛s ❞❛ ✐♠❛❣❡♠✳
✷✳✸ ❙✐st❡♠❛s r❡❝♦♥✜❣✉rá✈❡✐s
❖s ❝✉st♦s ♣❛r❛ s❡ t❡st❛r ❡♠ ❝✐r❝✉✐t♦s ♥❛ ✐♥❞ústr✐❛ ❞❡ ❡❧❡trô♥✐❝♦s sã♦ ♠✉✐t♦ ❡❧❡✈❛❞♦s✱ ♣♦✐s é
♥❡❝❡ssár✐♦ ❢❛③❡r t♦❞♦ ♦ s❡t✉♣ ❞♦ ♣r♦❝❡ss♦ ❞❡ ♣r♦❞✉çã♦ ♣❛r❛ ✉♠ ♥♦✈♦ ❝✐r❝✉✐t♦✳ P♦r ❡ss❡ ♠♦t✐✈♦
❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ ❛ ❋P●❆✱ ♦✉ ❋✐❡❧❞ Pr♦❣r❛♠❛❜❧❡ ●❛t❡ ❆rr❛②✱ q✉❡ é ✉♠ ❝✐r❝✉✐t♦ r❡❝♦♥✜❣✉rá✈❡❧ q✉❡
♣♦❞❡ r❛♣✐❞❛♠❡♥t❡ ❛ss✉♠✐r ❛s ❝❛r❛❝t❡ríst✐❝❛s ❞❡ ✉♠ ❝✐r❝✉✐t♦ ❞✐❣✐t❛❧✱ ❝♦♠ t♦❞❛s ❛s s✉❛s ❧✐❣❛çõ❡s ❡
♣♦rt❛s ❧ó❣✐❝❛s ❬✶✽❪✳
❋✐❣✉r❛ ✷✳✼✿ P❧❛❝❛ ❆❧t❡r❛ ❉❊✷✱ ❝♦♠ ❋P●❆ ❈②❝❧♦♥❡ ■■ ❬✶✽❪
✶✽
✷✳✸✳✶ ❍✐stór✐❛
❖s ♣r✐♠❡✐r♦ ❞✐s♣♦s✐t✐✈♦ ♣r♦❣r❛♠á✈❡✐s ❢♦✐ ♦ Pr♦❣r❛♠♠❛❜❧❡ ❘❡❛❞ ❖♥❧② ▼❡♠♦r②✭P❘❖▼✮ ✱ ✉♠❛
♠❡♠ór✐❛ ♥ã♦ ✈♦❧át✐❧ q✉❡ ♣♦❞✐❛ s❡r ❞♦ t✐♣♦ ❢❛❜r✐❝❛❞♦ ❡♠ ♠❛ss❛ ♦✉ ♣r♦❣r❛♠á✈❡❧ ❡♠ ❝❛♠♣♦ ♣❡❧♦
✉s✉ár✐♦✳ P♦r s✉❛ ✈❡③ ♦ t✐♣♦ ♦ P❘❖▼ r❡❝♦♥✜❣✉rá✈❡❧ ❡♠ ❝❛♠♣♦ t✐♥❤❛ ❞✉❛s s✉❜❞✐✈✐sõ❡s✿ ❊P❘❖▼
✭❊r❛s❛❜❧❡ P❘❖▼✮ ❡ ❊❊P❘❖▼ ✭❊❧❡❝tr♦♥✐❝ ❊r❛s❛❜❧❡ P❘❖▼✮✱ q✉❡ ♣♦❞❡ s❡r r❡♣r♦❣r❛♠❛❞♦ ♠ú❧t✐♣❧❛s
✈❡③❡s✳ ❊♠ s❡❣✉✐❞❛ ❢♦r❛♠ ❝r✐❛❞♦s ♦s Pr♦❣r❛♠♠❛❜❧❡ ▲♦❣✐❝ ❉❡✈✐❝❡s ✭P▲❉s✮✱ ❡♠ q✉❡ ♦ t✐♣♦ ♠❛✐s
❝♦♠✉♠ ✐♠♣❧❡♠❡♥t❛ ✉♠ ❝♦♥❥✉♥t♦ ✜①♦ ❞❡ ♣♦rt❛s ❖❘ ♣r❡❝❡❞✐❞♦ ♣♦r ✉♠❛ ♠❛tr✐③ ❞❡ ♣♦rt❛s ❆◆❉
♣r♦❣r❛♠á✈❡✐s✳ ❬✶✾❪
❊♠ ✶✾✽✺✱ ❛ ❡♠♣r❡s❛ ❆❧t❡r❛ ❝r✐♦✉ ♦ ♣r✐♠❡✐r♦ ❞✐s♣♦s✐t✐✈♦ r❡♣r♦❣r❛♠á✈❡❧ ❞❛ ✐♥❞ústr✐❛✱ ♦ ❝❤✐♣
❊P✸✵✵✱ ❖s ✉s✉ár✐♦s ♣♦❞❡r✐❛♠ ❛♣❛❣❛r ❛s ❝é❧✉❧❛s ❊P❘❖▼ ❞♦ ❊P✸✵✵ ❛♦ ❡♠✐t✐r ❧✉③ ✉❧tr❛✈✐♦❧❡t❛
❛tr❛✈és ❞❡ ✉♠❛ ❥❛♥❡❧❛ ❞❡ q✉❛rt③♦ ❛❝✐♠❛ ❞♦ ❝✐r❝✉✐t♦✳ ❆ ♦♣çã♦ ♠❡r❛♠❡♥t❡ ❝♦♥✈❡♥✐❡♥t❡ à é♣♦❝❛ s❡
♠♦str❛r✐❛ ✉♠ ❣r❛♥❞❡ ❡❧❡♠❡♥t♦ ♥❛ ✐♥❞ústr✐❛✳ ❬✷✵❪
❋✐❣✉r❛ ✷✳✽✿ ❊P✸✵✵ ❞❛ ❆❧t❡r❛ ❬✷✵❪
❆s ❋P●❆s ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s ❝♦♠♦ ✉♠❛ ❡✈♦❧✉çã♦ ❞♦s P▲❉s✱ ♠❛✐s ❡s♣❡❝✐✜❝❛♠❡♥t❡ ❞♦s P▲❆s
Pr♦❣r❛♠♠❛❜❧❡ ▲♦❣✐❝ ❆rr❛②s ✭P▲❆s✮✱ ❝♦♠♦ ❞❡s❝r✐t♦ ❡♠ ❬✷✶❪✳ ❊♠ ✶✾✽✺ ❛ ❡♠♣r❡s❛ ❳✐❧✐♥① ❝r✐♦✉ ❛
♣r✐♠❡✐r❛ ❋P●❆ ❝♦♠❡r❝✐❛❧ ❬✷✷❪✱ ❝♦♠ ♣♦rt❛s ❡ ✐♥t❡r❝♦♥❡①õ❡s r❡♣r♦❣r❛♠á✈❡✐s✳ ❈♦♥t✉❞♦✱ ❢♦✐ ❞✉r❛♥t❡
❛ ❞é❝❛❞❛ ❞❡ ✶✾✾✵ q✉❡ ❡ss❡s ❞✐s♣♦s✐t✐✈♦s ✜❝❛r❛♠ ❢❛♠♦s♦s ❡ ❛ss✉♠✐r❛♠ ❞✐✈❡rs❛s ❛♣❧✐❝❛çõ❡s✳
❆t✉❛❧♠❡♥t❡ ♦s s✐st❡♠❛s r❡❝♦♥✜❣✉rá✈❡✐s ❝♦♥t✐♥✉❛♠ ❡♠ ❛❧t❛✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛❣♦r❛ q✉❡ ❛s t❡❝✲
♥♦❧♦❣✐❛s ❞❡ ❢❛❜r✐❝❛çã♦ ❡stã♦ ♣ró①✐♠❛s ❞♦ ❧✐♠✐t❡ ❞❡ ♠✐♥✐❛t✉③❛çã♦✳ ❆ ❡✈♦❧✉çã♦ ❞♦ ♣♦❞❡r ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ❞❡ ❛rq✉✐t❡t✉r❛s ❝♦♥✈❡♥❝✐♦♥❛✐s ✭❆rq✉✐t❡t✉r❛ ❞❡ ❱♦♥ ◆❡✉♠❛♥♥✮✱ ❜❛s❡❛❞❛s ❡♠ ✉♠ ❤❛r❞✇❛r❡
❣❡♥ér✐❝♦ q✉❡ r❡❝❡❜❡ ✢✉①♦s ❞❡ ✐♥str✉çõ❡s✱ ❞❡♠♦♥str❛ ❞❡s❛❝❡❧❡r❛♠❡♥t♦ ❬✷✸❪✳ ❈♦♠ ♦ ❡s♣❡r❛❞♦ ❧✐♠✐t❡
❞❛ ▲❡✐ ❞❡ ▼♦♦r❡ ❬✷✹❪ ✱ ♠✉✐t♦s ♣r♦❥❡t✐st❛s r❡❝♦rr❡♠ ❛♦ ✉s♦ ❞❡ ❤❛r❞✇❛r❡ ❡s♣❡❝í✜❝♦ ♣❛r❛ s♦❧✉❝✐♦♥❛r
❞✐❢❡r❡♥t❡s ♣r♦❜❧❡♠❛s✳
❆s ❋P●❆s ❛t✉❛✐s sã♦ ♣r♦❞✉③✐❞❛s ❝♦♠ ✉♠❛ sér✐❡ ❞❡ ❢❛❝✐❧✐❞❛❞❡s q✉❡ ✐♥❝❧✉❡♠✿ ♠❡♠ór✐❛✱ ❡♥tr❛❞❛s
❡ s❛í❞❛s ❞❡ ❛❧t❛ ✈❡❧♦❝✐❞❛❞❡ ❡ ❜❧♦❝♦s ❧ó❣✐❝♦s✳ ❊❧❛s ♣♦❞❡♠ t❛♥t♦ s❡r ✉t✐❧✐③❛❞❛s ♣❛r❛ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦
❡ t❡st❡ ❞❡ ❝✐r❝✉✐t♦s ❞✐❣✐t❛✐s ✭♠♦t✐✈♦ ♣❡❧♦ q✉❛❧ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s✮ ❝♦♠♦ ♣♦❞❡♠ s❡r ✐♠♣❧❡♠❡♥t❛❞❛s
♥♦ ♣r♦❞✉t♦ ✜♥❛❧✳ ❆s ❛♣❧✐❝❛çõ❡s ✈ã♦ ❞❡s❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s à ♠✐♥❡r❛çã♦ ❞❡ ❜✐t❝♦✐♥s✳
✶✾
✷✳✸✳✷ ❆s♣❡❝t♦s ●❡r❛✐s
❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ♣❛t❡♥t❡ ❞❡ ❘❡✲♣r♦❣r❛♠♠❛❜❧❡ P▲❆ ❬✷✶❪ ♦s Pr♦❣r❛♠♠❛❜❧❡ ●❛t❡ ❆rr❛②s ✭P▲❆s✮
r❡❝♦♥✜❣✉rá✈❡✐s sã♦ ❞❡s❝r✐t♦s ❛❜❛✐①♦✿
❊♠ ❣❡r❛❧✱ ✉♠ P▲❆ é ✉♠ ❝✐r❝✉✐t♦ ❧ó❣✐❝♦ q✉❡ r❡❝❡❜❡ ✉♠❛ ♣❧✉r❛❧✐❞❛❞❡ ❞❡ s✐♥❛✐s ❞✐❣✐t❛✐s ❞❡
❡♥tr❛❞❛ ❡ ❣❡r❛ ✉♠❛ ♣❧✉r❛❧✐❞❛❞❡ ❞❡ s✐♥❛✐s ❞✐❣✐t❛✐s ❞❡ s❛í❞❛ ♦♥❞❡ ❝❛❞❛ ✉♠ ❞♦s s✐♥❛✐s ❞❡
s❛í❞❛ é ✉♠❛ ❝♦♠❜✐♥❛çã♦ ❞❡ s♦♠❛✲❞❡✲♣r♦❞✉t♦ ♣r♦❣r❛♠á✈❡❧ ❞♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛✳ ❊♠
P▲❆s ❝♦♥✈❡♥❝✐♦♥❛✐s✱ ✉♠ ❝✐r❝✉✐t♦ é ❢♦r♥❡❝✐❞♦ ♣❛r❛ ❣❡r❛r ✉♠❛ ♣❧✉r❛❧✐❞❛❞❡ ❞❡ t❡r♠♦s q✉❡
sã♦ ♦ ❊ ❧ó❣✐❝♦ ❞❡ s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ s❡❧❡❝✐♦♥❛❞♦s❀ ❡ ✉♠ ♦✉tr♦ ❝✐r❝✉✐t♦ é ❢♦r♥❡❝✐❞♦ ♣❛r❛
❣❡r❛r ♦s s✐♥❛✐s ❞❡ s❛í❞❛ ❛♦ ♦♣❡r❛r s❡❧❡t✐✈❛♠❡♥t❡ ❡ss❡s t❡r♠♦s ❝♦♠ ❖❯ ♦✉ ❊ ❧ó❣✐❝♦s✳
❯♠ P▲❆ tí♣✐❝♦ ♣♦❞❡ t❡r ✉♠ t♦t❛❧ ❞❡ x s✐♥❛✐s ❞❡ ❡♥tr❛❞❛✱ ❣❡r❛r ✉♠ t♦t❛❧ ❞❡ y t❡r♠♦s
✑❊✑ à ♣❛rt✐r ❞♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛✱ ❡ ❣❡r❛r ✉♠ t♦t❛❧ ❞❡ 2 s✐♥❛✐s ❞❡ s❛í❞❛ ❛♦ ♦♣❡r❛r
s❡❧❡t✐✈❛♠❡♥t❡ ♦s t❡r♠♦s y ❝♦♠ ✉♠ ❖❯ ❧ó❣✐❝♦✳
❖✉tr❛s t❡❝♥♦❧♦❣✐❛s ❞❡ s❡♠✐❝♦♥❞✉t♦r❡s r❡♣r♦❣r❛♠á✈❡✐s t❛♠❜é♠ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s✱ ❝♦♠♦ ♦s
❆♣♣❧✐❝❛t✐♦♥ ❙♣❡❝✐✜❝ ■♥t❡❣r❛t❡❞ ❈✐r❝✉✐ts ✭❆❙■❈s✮✱ ♦♥❞❡ ♦ ❞✐s♣♦s✐t✐✈♦ é ❞❡s❡♥✈♦❧✈✐❞♦ ❛♣❡♥❛s ♣❛r❛ ✉♠
t✐♣♦ ❞❡ ❛♣❧✐❝❛çã♦✳ ❆✐♥❞❛ ❤á ✉♠❛ s✉❜❞✐✈✐sã♦ ❞❡♥tr♦ ❞❛s ❋P●❆s✿
• ❖♥❡✲❚✐♠❡ Pr♦❣r❛♠♠❛❜❧❡ ✭❖❚P✮✱ q✉❡ ❢✉♥❝✐♦♥❛ ❝♦♠♦ ✉♠ ❆❙■❈ ❞❡♣♦✐s ❞❡ ♣r♦❣r❛♠❛❞♦❀
• ❙❘❆▼✲❜❛s❡❞✱ q✉❡ ♣♦❞❡ s❡r r❡❝♦♥✜❣✉r❛❞♦ ♠ú❧t✐♣❧❛s ✈❡③❡s ❡ é ♦ t✐♣♦ ♠❛✐s ✉t✐❧✐③❛❞♦✳
❖s ❡❧❡♠❡♥t♦s ❜ás✐❝♦s ❞❡ ✉♠ ❋P●❆ sã♦ ❬✷✺❪✿
• ❈♦♠❜✐♥❛çã♦ ❧ó❣✐❝❛
• ■♥t❡r❝♦♥❡①ã♦
• ❇❧♦❝♦s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛
❆ ❛rq✉✐t❡t✉r❛ ❣❡r❛❧ ❝♦♠ ♦s ❡❧❡♠❡♥t♦s ❜ás✐❝♦s ♣♦❞❡ s❡r ✈✐st❛ ♥❛ ✜❣✉r❛ ✷✳✾✳ ❆ ❧ó❣✐❝❛ ❝♦♠❜✐✲
♥❛❝✐♦♥❛❧ é ❞✐✈✐❞✐❞❛ ❡♠ ❜❧♦❝♦s ♣❡q✉❡♥♦s✱ ❝❤❛♠❛❞♦s ❞❡ ❈▲❇s ✭❈♦♠❜✐♥❛t✐♦♥❛❧ ▲♦❣✐❝ ❇❧♦❝❦s✮ ♦✉ ▲❊
✭▲♦❣✐❝ ❊❧❡♠❡♥ts✮✳ ❖ ❈▲❇ ♦✉ ▲❊ r❡❛❧✐③❛ ♦♣❡r❛çõ❡s s✐♠♣❧❡s ❝♦♠ ✉s♦ ❞❡ ♣♦rt❛s ❧ó❣✐❝❛s ❡ ✢✐♣✲✢♦♣s
❬✷✺❪✳
❆s ✐♥t❡r❝♦♥❡①õ❡s sã♦ ❢❡✐t❛s ❡♥tr❡ ❡❧❡♠❡♥t♦s ❧ó❣✐❝♦s ❡✴♦✉ ❡♥tr❡ ♣♦rt❛s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ♣♦r
♠❡✐♦ ❞❡ ❝♦♥❡①õ❡s ♣r♦❣r❛♠á✈❡✐s✳ ❆ ✐♥t❡r❝♦♥❡①ã♦ ♣♦❞❡ s❡r ❧♦❣✐❝❛♠❡♥t❡ ♦r❣❛♥✐③❛❞❛ ❡♠ ❝❛♥❛✐s ♦✉
♦✉tr❛s ✉♥✐❞❛❞❡s✳ ❙✐♥❛✐s ✐♠♣♦rt❛♥t❡s ❝♦♠♦ ✉♠ ❝❧♦❝❦ ♣♦❞❡♠ s❡r ❧✐❣❛❞♦s ❛ ✈ár✐♦s ✭❛té ♠❡s♠♦ ❛ t♦❞♦s✮
❡❧❡♠❡♥t♦s✳
❖s ♣✐♥♦s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ sã♦ r❡♣r❡s❡♥t❛❞♦s ♣♦r ❜❧♦❝♦s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛✱ ■❖❇ ✭■✴❖ ❇❧♦❝❦s✮✳
❊ss❡s ❜❧♦❝♦s ♣♦❞❡♠ s❡r ❝♦♥✜❣✉r❛❞♦s ♣❛r❛ r❡❝❡❜❡r ♦✉ ❢♦r♥❡❝❡r s✐♥❛✐s ❛♦ ♠❡✐♦ ❡①t❡r✐♦r✳
✷✵
❋✐❣✉r❛ ✷✳✾✿ ❆rq✉✐t❡t✉r❛ ❣❡r❛❧ ❞❡ ✉♠❛ ❋P●❆ ❬✷✺❪
✷✳✹ ▲✐♥❣✉❛❣❡♥s ❞❡ ❉❡s❝r✐çã♦ ❞❡ ❍❛r❞✇❛r❡ ❡ ❱❍❉▲
❯♠❛ ❧✐♥❣✉❛❣❡♠ ❞❡ ❞❡s❝r✐çã♦ ❞❡ ❤❛r❞✇❛r❡✱ ♦✉ ❍❉▲ ✭❍❛r❞✇❛r❡ ❉❡s❝r✐♣t✐♦♥ ▲❛♥❣✉❛❣❡✮ é s❡♠❡❧✲
❤❛♥t❡ ❛ ✉♠❛ ❧✐♥❣✉❛❣❡♠ ❞❡ ♣r♦❣r❛♠❛çã♦ ❡♠ t❡r♠♦s ❞❡ s✐♥t❛①❡ ❡ ❡str✉t✉r❛✱ ♣♦ré♠ ❝♦♠♦ ♦ ♣ró♣r✐♦
♥♦♠❡ ❞✐③ ❡❧❛ s❡r✈❡ ♠❛✐s ♣❛r❛ ❞❡s❝r❡✈❡r ❞♦ q✉❡ ♣❛r❛ ♣r♦❣r❛♠❛r✳ ❊ss❡ t✐♣♦ ❞❡ ❧✐♥❣✉❛❣❡♠ t❡♠ ♣♦r
♦❜❥❡t✐✈♦ ❢❛❝✐❧✐t❛r ♦ ♣r♦❥❡t♦ ❞❡ ❝✐r❝✉✐t♦s ❡❧❡trô♥✐❝♦s✱ ❝♦♠ ✉♠❛ ❞❡s❝r✐çã♦ ❢♦r♠❛❧ ❡ ♣r❡❝✐s❛✳ ❯♠❛ ❍❉▲
♣❛❞r♦♥✐③❛❞❛ ♣❡r♠✐t❡ ❛ ✐♥t❡r❝❛♠❜✐❛❧✐❞❛❞❡ ❞❡ ✐♥❢♦r♠❛çõ❡s ❡♥tr❡ ❞✐❢❡r❡♥t❡s ❢❛❜r✐❝❛♥t❡s ❡ ♣r♦❥❡t✐st❛s
❛❧é♠ ❞❛ ❛✉t♦♠❛t✐③❛çã♦ ❞❡ s✐♠✉❧❛çã♦ ❡ sí♥t❡s❡ ❞❡ ❝✐r❝✉✐t♦s✳ ❊①✐st❡♠ ✈❛r✐❛❞❛s ❍❉▲s✱ ❞❡♥tr❡ ❛s q✉❛✐s
❢♦✐ ❡s❝♦❧❤✐❞❛ ❛ ❱❍❉▲ ♣❛r❛ ❡st❡ tr❛❜❛❧❤♦ ♣♦r ♠♦t✐✈♦s ❛ s❡r❡♠ ❡①♣♦st♦s ❛❞✐❛♥t❡✳
✷✳✹✳✶ ❍✐stór✐❛ ❞♦ ❱❍❉▲
❖ s✉r❣✐♠❡♥t♦ ❞♦ ❱❍❉▲ s❡ ❞❡✈❡ à ♥❡❝❡ss✐❞❛❞❡ ❞♦ ❉❡❢❡♥s❡ ❆❞✈❛♥❝❡❞ ❘❡s❡❛r❝❤ Pr♦❥❡❝ts ❆❣❡♥❝②
✭❉❆❘P❆✮ ❡♠ ❞❡s❡♥✈♦❧✈❡r ✉♠❛ ❢❡rr❛♠❡♥t❛ ❞❡ ♣r♦❥❡t♦ ❡ ❞♦❝✉♠❡♥t❛çã♦ ♣❛r❛ ♦ ♣r♦❥❡t♦ ❱❍❙■❈ ✭❱❡r②
❍✐❣❤ ❙♣❡❡❞ ■♥t❡❣r❛t❡❞ ❈✐r❝✉✐t✮✳ ❖ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❉❡❢❡s❛ ❞❡✜♥✐✉ ❡♠ ✶✾✽✸ ♦s r❡q✉✐s✐t♦s ♣❛r❛ ✉♠❛
❧✐♥❣✉❛❣❡♠ ❞❡ ❞❡s❝r✐çã♦ ♣❛❞rã♦ ♣❛r❛ ❝✐r❝✉✐t♦s ❡ ❝♦♥tr❛t♦✉ ❛s ❡♠♣r❡s❛s ■❇▼✱ ❚❡①❛s ❡ ■♥t❡r♠❡tr✐❝s
✷✶
♣❛r❛ ❛ t❛r❡❢❛✳ ❬✷✻❪
❆ ❧✐♥❣✉❛❣❡♠ ❢♦✐ ♣❛❞r♦♥✐③❛❞❛ ♣❡❧♦ ■❊❊❊ ✭■♥st✐t✉t❡ ♦❢ ❊❧❡❝tr✐❝❛❧ ❛♥❞ ❊❧❡❝tr♦♥✐❝ ❊♥❣✐♥❡❡rs✮ ❝♦♠
❜❛s❡ ♥❛ ✈❡rsã♦ ✼✱✷ ❡ ❝♦♠ ♦ ❛✉①í❧✐♦ ❞❛ ❡♠♣r❡s❛ ❈▲❙■✱ ❝♦♥tr❛t❛❞❛ ♣❡❧❛ ❋♦rç❛ ❆ér❡❛ ❞♦s ❊st❛❞♦s
❯♥✐❞♦s✳ ❬✷✻❪ ❊♠ ✶✾✽✼✱ s✉r❣✐✉ ♦ ♣❛❞rã♦ ■❊❊❊ ✶✵✼✻✲✶✾✽✼✱ ❞❡♥♦♠✐♥❛❞♦ ❱❍❙■❈ ❍❛r❞✇❛r❡ ❉❡s❝r✐♣t✐♦♥
▲❛♥❣✉❛❣❡ ♦✉ ❱❍❉▲✳ ❆ ♣❛❞r♦♥✐③❛çã♦ ❞❛ ❧✐♥❣✉❛❣❡♠ ❝♦♥t♦✉ ❝♦♠ ❛ ♣❛rt✐❝✐♣❛çã♦ ❞❡ ♣r♦✜ss✐♦♥❛✐s ❞❡
❞✐✈❡rs❛s ár❡❛s✿ ❞❡s✐❣♥ ❞❡ s✐st❡♠❛s ❞❡ ❝♦♠♣✉t❛❞♦r❡s✱ ❛❡r♦❡s♣❛❝✐❛❧✱ ❝♦♠✉♥✐❝❛çõ❡s✱ ❞❡s❡♥✈♦❧✈❡❞♦r❡s
❞❡ ❈❆❉✱ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ ❝✐r❝✉✐t♦s ✐♥t❡❣r❛❞♦s ❡t❝✳ ❬✷✼❪
❊♠ ✶✾✾✸✱ ♦ ♣❛❞rã♦ ✶✵✼✻ r❡❝❡❜❡✉ ✉♠❛ r❡✈✐sã♦ ♣❛r❛ ❢❛❝✐❧✐t❛r ❛✐♥❞❛ ♠❛✐s ♦ tr❛❜❛❧❤♦ ❞❡ ♣r♦❥❡t✐st❛s✳
❆ ♣r✐♥❝✐♣❛❧ ♠✉❞❛♥ç❛ ❡r❛ ♦ ♠❡❧❤♦r ❣❡r❡♥❝✐❛♠❡♥t♦ ❤✐❡rárq✉✐❝♦ ❞❡ ❛rq✉✐✈♦s ❬✷✽❪✳ ◆♦ ♠❡s♠♦ ❛♥♦
s✉r❣✐✉ ♦ ♣❛❞rã♦ ✶✶✻✹✱ q✉❡ ❞❡✜♥✐❛ ♦ ♣❛❝♦t❡ ✑st❞❴❧♦❣✐❝❴✶✶✻✹✑ q✉❡ tr♦✉①❡ ♠❛✐s ✈❡rs❛t✐❧✐❞❛❞❡ ❛♦
♠♦❞❡❧❛♠❡♥t♦ ♣♦r r❡♣r❡s❡♥t❛r ♠❛✐s ❝♦♥❞✐çõ❡s r❡❛✐s ❝♦♠♦ ❛❧t❛ ✐♠♣❡❞â♥❝✐❛ ❡ ♥ós ♥ã♦ ✐♥✐❝✐❛❧✐③❛❞♦s✳
❖ ♣❛❞rã♦ ✶✶✻✹ é ♠✉✐t♦ ✉t✐❧✐③❛❞♦ ❛té ♦s ❞✐❛s ❞❡ ❤♦❥❡✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞❡♣♦✐s ❞❡ s✉❛s r❡✈✐sã♦ ❡♠
✷✵✵✽ ✳
❊♠ ✶✾✾✼✱ ♦ s✉r❣✐✉ ♠❛✐s ✉♠ ♣❛❞rã♦✱ ♦ ✶✵✼✻✳✸ ❬✷✾❪✱ q✉❡ ♣r♦♣ôs ♥♦✈♦s t✐♣♦s ❞❡ ❞❛❞♦s ❝♦♠♦ ✐♥t❡✐r♦s
❡ r❡❛✐s✱ ❡ ♥♦✈❛s ❢✉♥çõ❡s ❝♦♠♦ s♦♠❛ ❡ ♠✉❧t✐♣❧✐❝❛çã♦✳ ❊ss❡s t✐♣♦s sã♦ ❛❜str❛t♦s ❡♠ ❝ó❞✐❣♦ ❡ ✉♠ ♠❡r♦
❝♦♥❥✉♥t♦ ❞❡ ❜✐ts ♥♦ ❝✐r❝✉✐t♦ r❡❛❧✱ ♣♦ré♠ ❛ ❧✐♥❣✉❛❣❡♠ ♣❡r♠✐t❡ ❛s ♦♣❡r❛çõ❡s ❛♣❡♥❛s ❝♦♠ ✈❛r✐á✈❡✐s
❞❡ ♠❡s♠♦ t✐♣♦✳ ❊ss❛ ♣❛❞r♦♥✐③❛çã♦ ❝❛r❛❝t❡r✐③❛ ♦ ❱❍❉▲ ❝♦♠♦ ✉♠❛ ❧✐♥❣✉❛❣❡♠ ❢♦rt❡♠❡♥t❡ t✐♣❛❞❛✳
✷✳✹✳✷ ❆s♣❡❝t♦s ❣❡r❛✐s ❞❛ ❱❍❉▲
❆ ❧✐♥❣✉❛❣❡♠ ❱❍❉▲✱ ♣♦❞❡ s❡r ❡♥t❡♥❞✐❞❛ t❛♥t♦ ♣♦r ♠áq✉✐♥❛s q✉❛♥t♦ ♣♦r ❤✉♠❛♥♦s ❝♦♠♦ ♥❛
♣ró♣r✐❛ ❞❡✜♥✐çã♦ ❞♦ ■❊❊❊ ❬✷✾❪✳ ❚❡♠ ♣♦r ♦❜❥❡t✐✈♦ ♦r❣❛♥✐③❛r ❡ ❞♦❝✉♠❡♥t❛r ♦s ♣r♦❥❡t♦s ♣❛r❛ ❞✐♠✐♥✉✐r
♦ t❡♠♣♦ ❞❡ tr❛❜❛❧❤♦ ❞♦s ♣r♦❥❡t✐st❛s ❛❧é♠ ❞❡ ♣r♦♠♦✈❡r ❛ rá♣✐❞❛ s✐♥t❡t✐③❛çã♦ ❡ ❞❡ s✐♠✉❧❛çã♦ ❞❡
❝✐r❝✉✐t♦s✳
❯♠❛ ❞❛s s✉❛s ♣r✐♥❝✐♣❛✐s ❝❛r❛❝t❡ríst✐❝❛s é ❛ ❛❧t❛ ❤✐❡r❛rq✉✐③❛çã♦✳ ➱ ♣♦ssí✈❡❧ ❝r✐❛r ♣r♦❥❡t♦s ❝♦♠
♠ú❧t✐♣❧♦s ♥í✈❡✐s ❞❡ ❤✐❡r❛rq✉✐❛ ✉t✐❧✐③❛♥❞♦ ❡♥t✐❞❛❞❡s ✭❞❡s❝r✐çõ❡s ❞❡ ❝✐r❝✉✐t♦s✮ ❞❡♥tr♦ ❞❡ ❡♥t✐❞❛❞❡s✳
❊ss❛ ❡str✉t✉r❛ ❢❛❝✐❧✐t❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ♣❛rt✐♥❞♦ ❞❡ ♥í✈❡✐s ♠❛✐s ❛❧t♦s ❞❡ ❛❜str❛çã♦ ♣❛r❛ ♥í✈❡✐s
♠❡♥♦r❡s✱ ❝♦♠ ♦ ♠ét♦❞♦ ❝❤❛♠❛❞♦ t♦♣ ❞♦✇♥ ✭♠✉✐t♦ ❝♦♠✉♠ ♥❛s ❧✐♥❣✉❛❣❡♥s ❞❡ ♣r♦❣r❛♠❛çã♦ ♠❛✐s
r❡❝❡♥t❡s✮✳ ❚❛♠❜é♠ é ✉s❛❞❛ ❛ ❞❡s❝r✐çã♦ ❞♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❡s♣❡r❛❞♦ ❞♦ ❝✐r❝✉✐t♦✳
❊♠ ✉♠ ❝✐r❝✉✐t♦ s✐♥t❡t✐③❛❞♦✱ ❛ ♠❛✐♦r✐❛ ❞♦s ❝♦♠❛♥❞♦s é ❡①❡❝✉t❛❞♦ ❝♦♥❝♦rr❡♥t❡♠❡♥t❡✱ ✐♥❞❡♣❡♥✲
❞❡♥t❡ ❞♦ ♥í✈❡❧ ❤✐❡rárq✉✐❝♦ ❞♦s ❝♦♠♣♦♥❡♥t❡s ❡ ❞❛ ♦r❞❡♠ ❡♠ q✉❡ sã♦ ❞❡❝❧❛r❛❞♦s✳
❆♣❡s❛r ❞✐ss♦ é ♣♦ssí✈❡❧ ❝r✐❛r ♦♣❡r❛çõ❡s s❡q✉❡♥❝✐❛✐s t❛✐s ❝♦♠♦ ❧✐♥❣✉❛❣❡♥s ❞❡ ♣r♦❣r❛♠❛çã♦ ❡♠
r❡❣✐õ❡s ❡s♣❡❝í✜❝❛s ❞♦ ❝ó❞✐❣♦✱ ♥♦s s✉❜♣r♦❣r❛♠❛s ❡ ♣r♦❝❡ss♦s✳ ❊ss❛s ❡str✉t✉r❛s sã♦ ♠✉✐t♦ út❡✐s ♣❛r❛
♦♣❡r❛çõ❡s ❡s♣❡❝í✜❝❛s ❝♦♠♦ ♦♣❡r❛çõ❡s ❛r✐t♠ét✐❝❛s ♠❛✐s ❝♦♠♣❧❡①❛s✳
❆❧❣✉♠❛s ❞❛s ❝❛r❛❝t❡ríst✐❝❛s ♣r✐♥❝✐♣❛✐s ❞❛ ❧✐♥❣✉❛❣❡♠ sã♦✿






➱ ✉♠❛ ❛❜str❛çã♦ ♣r✐♠ár✐❛ ❞♦ ❱❍❉▲✳ ❆s ❡♥t✐❞❛❞❡s ♣♦❞❡♠ s❡r ✐♥st❛♥❝✐❛❞❛s ❞❡♥tr♦ ❞❡ ♦✉tr❛s
❡♥t✐❞❛❞❡s✱ ❢♦r♠❛♥❞♦ ❛ss✐♠ ❛ ❤✐❡r❛rq✉✐❛ ❞♦ ♣r♦❥❡t♦✳ ❈❛❞❛ ✐♥stâ♥❝✐❛ é ✈✐st❛ ♣❡❧❛ ❡♥t✐❞❛❞❡ s✉♣❡r✐♦r
❝♦♠♦ ✉♠❛ ❝❛✐①❛ ♣r❡t❛ ❞❛ q✉❛❧ s❡ ❝♦♥❤❡❝❡ ❛♣❡♥❛s ❛s ❡♥tr❛❞❛s ❡ s❛í❞❛s✳ ❆ ❢❡rr❛♠❡♥t❛ ❞❡ s✐♥t❡t✐③❛çã♦
❝r✐❛ ❛s ✐♥stâ♥❝✐❛s à ♣❛rt✐r ❞♦ ♥í✈❡❧ ♠❛✐s ❛❧t♦ ❞❛ ❤✐❡r❛rq✉✐❛✱ ❛ ❊♥t✐❞❛❞❡ ❞❡ Pr♦❥❡t♦ ✭♦✉ ❚♦♣ ▲❡✈❡❧
❊♥t✐t②✮✳
❈❛❞❛ ❡♥t✐❞❛❞❡ ❞❡✈❡ s❡r ❞❡❝❧❛r❛❞❛ ❝♦♠ ❛ ♣❛❧❛✈r❛ r❡s❡r✈❛❞❛ ✑❊◆❚■❚❨✑ s❡❣✉✐❞❛ ❞♦ ♥♦♠❡ q✉❡ ❛
✐❞❡♥t✐✜❝❛✳ ❊♠ s❡❣✉✐❞❛ ♣♦❞❡♠ s❡r ♦♣❝✐♦♥❛❧♠❡♥t❡ ❞❡❝❧❛r❛❞❛s ❛s ❝❧á✉s✉❧❛s P❖❘❚✑ ♦✉ ✑●❊◆❊❘■❈✑✳ ❆
❝❧á✉s✉❧❛ ✑P❖❘❚✑ ❞❡✜♥❡ ♦s t✐♣♦s ❞❡ ♣♦rt❛s ❞❡ ❡♥tr❛❞❛ ❡ s❛í❞❛ ❞❛ ❡♥t✐❞❛❞❡✳ ❆ ❝❧á✉s✉❧❛ ✑●❊◆❊❘■❈✑
♣❡r♠✐t❡ ♣❛ss❛r ✐♥❢♦r♠❛çõ❡s ❡stát✐❝❛s ♣❛r❛ ✉♠❛ ❡♥t✐❞❛❞❡✳ ❊ss❛s ❝❧á✉s✉❧❛s sã♦ ♦♣❝✐♦♥❛✐s ❡ ♣♦❞❡♠
s❡r ♦♠✐t✐❞❛s✱ ♣♦r ❡①❡♠♣❧♦ ❡♠ ✉♠ t❡st❜❡♥❝❤ ✉s❛❞♦ ♣❛r❛ s✐♠✉❧❛çõ❡s✳
❖ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉♠❛ ❡♥t✐❞❛❞❡ é ❞❡✜♥✐❞♦ ♣❡❧❛ ❛rq✉✐t❡t✉r❛ ❡ ♣r❡❝✐s❛ s❡r ❞❡❝❧❛r❛❞♦ ❝♦♠ ❛
♣❛❧❛✈r❛ ✑❆❘❈❍■❚❊❈❚❯❘❊✑ s❡❣✉✐❞❛ ❞♦ ♥♦♠❡ ❞❛❞♦ ❛ ❛rq✉✐t❡t✉r❛ ❡ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ❡♥t✐❞❛❞❡
❛ q✉❛❧ ❡❧❛ ❡stá ❞❡✜♥✐♥❞♦✳ ❊♠ s❡❣✉✐❞❛✱ ♣♦❞❡♠ s❡r ❞❡❝❧❛r❛❞♦s s✐♥❛✐s✱ ❝♦♥st❛♥t❡s✱ s✉❜♣r♦❣r❛♠❛s
♦✉ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♦✉tr❛s ❡♥t✐❞❛❞❡s q✉❡ s❡rã♦ ✐♥st❛♥❝✐❛❞❛s ❞❡♥tr♦ ❞❡st❛✳ ❋✐♥❛❧♠❡♥t❡✱ ❛ ❧ó❣✐❝❛ é
❞❡s❝r✐t❛ ❡♥tr❡ ❛s ♣❛❧❛✈r❛s ✑❇❊●■◆✑ ❡ ✑❊◆❉✑ ❞❛ ❛rq✉✐t❡t✉r❛✱ ❝♦♠ t♦❞♦s ♦s ❝♦♠❛♥❞♦s✱ ❛s ♦♣❡r❛çõ❡s
❡ ✐♥st❛♥❝✐❛çõ❡s✳
❖ ❡①❡♠♣❧♦ ❛❜❛✐①♦ ♠♦str❛ ✉♠❛ ❡♥t✐❞❛❞❡ q✉❡ ✉t✐❧✐③❛ ❛ ✐♥stâ♥❝✐❛ ❞❡ ♦✉tr❛s ❡♠ s❡✉ ❝ó❞✐❣♦✿
▲■❇❘❆❘❨ ✐ ❡ ❡ ❡ ❀
❯❙❊ ✐ ❡ ❡ ❡ ✳ st❞❴❧♦❣✐❝❴✶✶✻✹ ✳ ❛ ❧ ❧ ❀
❯❙❊ ✐ ❡ ❡ ❡ ✳ s t❞❴❧♦❣ ✐ ❝❴❛r ✐ t❤ ✳ ❛ ❧ ❧ ❀
❊◆❚■❚❨ ♠❛✐♥ ✐ s
♣♦rt ✭ ❈▲❖❈❑ ✿ ✐♥ s t❞❴❧♦❣ ✐ ❝ ❀
s t❛r t❴st♦♣ ✿ ✐♥ s t❞❴❧♦❣ ✐ ❝ ❀
✉♣❴❞♦✇♥ ✿ ✐♥ s t❞❴❧♦❣ ✐ ❝ ❀
❆✱ ❇✱ ❈✱ ❉✱ ❊✱ ❋ ✱ ●✱ ❉P ✿ ♦✉t s t❞❴❧♦❣ ✐ ❝ ❀
✮ ❀
❊◆❉ ♠❛✐♥ ❀
❆❘❈❍■❚❊❈❚❯❘❊ ❊❙❚❘❯❚❯❘❆ ♦❢ ♠❛✐♥ ✐ s
❙■●◆❆▲ ❇❈❉ ✿ st❞❴❧♦❣ ✐❝❴✈❡❝t♦r ✭✸ ❞♦✇♥t♦ ✵ ✮ ❀




❈▲❑ ✿ ✐♥ s t❞❴❧♦❣ ✐ ❝ ❀
s t❛rt❴st♦♣ ✿ ✐♥ s t❞❴❧♦❣ ✐ ❝ ❀
✉♣❴❞♦✇♥ ✿ ✐♥ s t❞❴❧♦❣ ✐ ❝ ❀





❇■◆ ✿ ✐♥ s t❞❴❧♦❣ ✐❝❴✈❡❝t♦r ✭✸ ❞♦✇♥t♦ ✵ ✮ ❀




❝♦♥t❛✶ ✿ ❈❖◆❚❆❉❖❘ ♣♦rt ♠❛♣ ✭❈▲❖❈❑✱ st❛rt❴st♦♣ ✱ ✉♣❴❞♦✇♥ ✱ ❜ ✐ ♥✹❜ ✐ t s ✮ ❀
❝♦♥✈✶ ✿ ❇■◆❴✼❙❊● ♣♦rt ♠❛♣ ✭ ❜ ✐♥✹❜ ✐ t s ✱ ❆✱ ❇✱ ❈✱ ❉✱ ❊✱ ❋ ✱ ●✱ ❉P✮ ❀
❊◆❉ ❊❙❚❘❯❚❯❘❆❀
✷✳✹✳✸✳✶ ❊♥t✐❞❛❞❡ ❞❡ Pr♦❥❡t♦
❆ ❡♥t✐❞❛❞❡ ❞❡ ♣r♦❥❡t♦ ♦✉ t♦♣ ❧❡✈❡❧ ❡♥t✐t② é ♦ ♥í✈❡❧ ♠❛✐s ❛❧t♦ ♥❛ ❤✐❡r❛rq✉✐❛ ❞❡ ✉♠ ♣r♦❥❡t♦
❱❍❉▲✳ P♦r ❝♦♥✈❡♥çã♦✱ ♦ ❞♦❝✉♠❡♥t♦ ❞❡ss❛ ❡♥t✐❞❛❞❡ ❣❡r❛❧♠❡♥t❡ ❧❡✈❛ ♦ ♥♦♠❡ ❞♦ ♣r♦❥❡t♦ ❡ é ♣♦r
❡st❡ ❞♦❝✉♠❡♥t♦ q✉❡ ❛ ❢❡rr❛♠❡♥t❛ ❞❡ s✐♥t❡t✐③❛çã♦ ❝♦♠❡ç❛ ❛ ❧❡✐t✉r❛✳
❆ss✐♠ ❝♦♠♦ ♦✉tr❛s ❡♥t✐❞❛❞❡s✱ ❛ ❡♥t✐❞❛❞❡ ❞❡ ♣r♦❥❡t♦ t❡♠ ❡♥tr❛❞❛s ❡ s❛í❞❛s ❞❡ ❞✐❢❡r❡♥t❡s t✐♣♦s✱
♣♦ré♠ ❡st❛s ♥ã♦ sã♦ ✉t✐❧✐③❛❞❛s ♣♦r ♦✉tr❛s ❡♥t✐❞❛❞❡s ♣♦✐s ❡st❛ ♥ã♦ ❡stá ❝♦♥t✐❞❛ ❡♠ ♥❡♥❤✉♠❛ ♦✉tr❛✳
❆s ♣♦rt❛s ❞❡❝❧❛r❛❞❛s ♣❛r❛ ❡ss❛ ❡♥t✐❞❛❞❡ sã♦ ❞✐r❡t❛♠❡♥t❡ r❡❧❛❝✐♦♥❛❞❛s ❝♦♠ ♦ ❛♠❜✐❡♥t❡ ❡①t❡r♥♦ ❛♦
❞✐s♣♦s✐t✐✈♦✳ P♦r ❡①❡♠♣❧♦✿ sã♦ ❛s ♣♦rt❛s ❞❡st❛ ❡♥t✐❞❛❞❡ q✉❡ ♦ s✐♥t❡t✐③❛❞♦r ✉s❛ ♣❛r❛ ♠❛♣❡❛r ♦s ♣✐♥♦s
❞❡ ✉♠❛ ♣❧❛❝❛ ❋P●❆✳ ❚♦❞❛s ❛s ♦✉tr❛s ♣♦rt❛s ❞❡ ♦✉tr❛s ❡♥t✐❞❛❞❡s sã♦ s✐♥❛✐s ✐♥t❡r♥♦s à ♣❧❛❝❛ ♥❡st❡
❝❛s♦✳
❆ ❛rq✉✐t❡t✉r❛ ❞❛ ❡♥t✐❞❛❞❡ ❞❡ ♣r♦❥❡t♦ ❞❡✜♥❡ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❣❡r❛❧ ❞❡ t♦❞♦ ♦ ❝✐r❝✉✐t♦✱ ❝♦♠
❛s ♣r✐♥❝✐♣❛✐s ❡♥t✐❞❛❞❡s q✉❡ s❡rã♦ ✐♥st❛♥❝✐❛❞❛s ❡ ♦ r❡❧❛❝✐♦♥❛♠❡♥t♦ ❡♥tr❡ ❛s ♠❡s♠❛s✳ ❊♠ ❣r❛♥❞❡s
♣r♦❥❡t♦s é ❝♦♠✉♠ ♥ã♦ ❤❛✈❡r ♦♣❡r❛çõ❡s ♥❡st❛ ❡♥t✐❞❛❞❡✱ s♦♠❡♥t❡ ❧✐❣❛çõ❡s ❡♥tr❡ ♦✉tr❛s ❡♥t✐❞❛❞❡s ❡
❡♥tr❡ ❡st❛s ❝♦♠ ♦ ♠❡✐♦ ❡①t❡r✐♦r✳
✷✳✹✳✹ ❇✐❜❧✐♦t❡❝❛s ❡ P❛❝♦t❡s
❖ ❱❍❉▲ ❢❛③ ✉s♦ ❞❡ ❜✐❜❧✐♦t❡❝❛s ♣❛r❛ r❡❛♣r♦✈❡✐t❛r ❝ó❞✐❣♦s ❡ ♣❛❞r♦♥✐③❛r ♦s ♣r♦❥❡t♦s✳ ❊①✐st❡♠
❜✐❜❧✐♦t❡❝❛s ♣❛❞rã♦ ❝♦♠♦ ❛ ■❊❊❊✱ q✉❡ ♣♦ss✉✐ ❞✐✈❡rs♦s ♣❛❝♦t❡s✱ ❝♦♠♦ ♦ ✶✵✼✻✳✸ ❡ ♦ ✶✶✻✹✱ q✉❡ ❣❡r❛❧✲
✷✹
♠❡♥t❡ ♣♦❞❡♠ s❡r ✉s❛❞♦s ❡♠ ✉♠ ♠❡s♠♦ ♣r♦❥❡t♦✳ ❖ ♣r♦❥❡t✐st❛ t❛♠❜é♠ ♣♦❞❡ ❞❡✜♥✐r ❜✐❜❧✐♦t❡❝❛s
♣ró♣r✐❛s ♣❛r❛ ✜♥s ❞❡ ♦r❣❛♥✐③❛çã♦ ♦✉ ✉s♦ ❡♠ ♦✉tr♦s ♣r♦❥❡t♦s✳
❆ ♠❛✐♦r✐❛ ❞❛s ❜✐❜❧✐♦t❡❝❛s ♣r❡❝✐s❛ s❡r ❞❡❝❧❛r❛❞❛ ♥♦ ✐♥í❝✐♦ ❞♦ ❝ó❞✐❣♦ ❝♦♠ ❛ ♣❛❧❛✈r❛ ❝❤❛✈❡ ✑▲■✲
❇❘❆❘❨✑ ♣❛r❛ s❡ t❡r ❛❝❡ss♦ ❛ s✉❛s ❞❡✜♥✐çõ❡s ❡ ♣❛❝♦t❡s✳ ❍á ❞✉❛s ❜✐❜❧✐♦t❡❝❛s q✉❡ ❡stã♦ s❡♠♣r❡
❞✐s♣♦♥í✈❡✐s ❛✉t♦♠❛t✐❝❛♠❡♥t❡ s❡♠ ♥❡❝❡ss✐❞❛❞❡ ❞❡ ❞❡❝❧❛r❛çã♦ ♥♦s ❞♦❝✉♠❡♥t♦s✿ ❛ ❜✐❜❧✐♦t❡❝❛ ♣❛❞rã♦
✑st❞✑ ❡ ❛ ❜✐❜❧✐♦t❡❝❛ ✑✇♦r❦✑✳
❖s ♣❛❝♦t❡s sã♦ ❞❡✜♥✐çõ❡s q✉❡ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞❛s ❡♠ ❞✐❢❡r❡♥t❡s ♠♦❞❡❧♦s ❞❡✜♥✐❞♦s ❡♠ ❞✐❢❡r❡♥t❡s
❛rq✉✐✈♦s ❡ ❡stã♦ s❡♠♣r❡ ❝♦♥t✐❞♦s ❡♠ ❛❧❣✉♠❛ ❜✐❜❧✐♦t❡❝❛✳ ➱ ✉♠ r❡❝✉rs♦ q✉❡ ♣❡r♠✐t❡ r❡✉t✐❧✐③❛r ❝ó❞✐❣♦
♣❛r❛ ♣♦✉♣❛r t❡♠♣♦ ❡ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ♣❛r❛ ♠❛♥t❡r ❛ ♣❛❞r♦♥✐③❛çã♦ ❞❡ ♣r♦❥❡t♦s✳ ❊♠ ✉♠❛ ❧✐♥❣✉❛❣❡♠
❢♦rt❡♠❡♥t❡ t✐♣❛❞❛✱ ❝♦♠♦ é ♦ ❝❛s♦ ❞♦ ❱❍❉▲✱ é ❞❡ s✉♠❛ ✐♠♣♦rtâ♥❝✐❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♣❛❝♦t❡s ❡♠
❞❡tr✐♠❡♥t♦ ❞❡ ❞❡✜♥✐çõ❡s ❧♦❝❛✐s✳
❊①✐st❡♠ ❞✐✈❡rs♦s ♣❛❝♦t❡s ♣❛❞rõ❡s✱ ♠✉✐t♦s ❞♦s q✉❛✐s ❞✐str✐❜✉í❞♦s ♣❡❧♦ ■❊❊❊✱ ♠❛s t❛♠❜é♠ ❤á
♦s ♣❛❝♦t❡s ❞❡✜♥✐❞♦s ♣❡❧♦ ♣ró♣r✐♦ ♣r♦❥❡t✐st❛ ❝♦♠♦ ❝✐t❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳
❈❛❞❛ ♣❛❝♦t❡ ✉t✐❧✐③❛❞♦ ♣r❡❝✐s❛ s❡r ❞❡❝❧❛r❛❞♦ ♥♦ ✐♥í❝✐♦ ❞♦ ❞♦❝✉♠❡♥t♦ ♣❛r❛ s❡ t❡r ❛❝❡ss♦ ❛♦s
❡❧❡♠❡♥t♦s ❞❡✜♥✐❞♦s ♥♦ ♠❡s♠♦ ❛♦ ❧♦♥❣♦ ❞♦ ❝ó❞✐❣♦✳ ➱ ♥❡❝❡ssár✐♦ ❞❡❝❧❛r❛r ❞❡ ❛♥t❡♠ã♦ ❛ ❜✐❜❧✐♦t❡❝❛
❡♠ q✉❡ ♦ ♣❛❝♦t❡ ❡stá ❝♦♥t✐❞♦✱ ❝❛s♦ ♥ã♦ ❡st❡❥❛ ♥❛s ❜✐❜❧✐♦t❡❝❛s ✑st❞✑ ♦✉ ✑✇♦r❦✑✳ ❖ ❡①❡♠♣❧♦ ❛❜❛✐①♦
♣❡r♠✐t❡ ❛❝❡ss♦ ❛♦s t✐♣♦s ❡ ♦♣❡r❛çõ❡s ❞♦ ♣❛❝♦t❡ ✶✶✻✹ ❞❛ ■❊❊❊✿
▲■❇❘❆❘❨ ✐ ❡ ❡ ❡ ❀
❯❙❊ ✐ ❡ ❡ ❡ ✳ st❞❴❧♦❣✐❝❴✶✶✻✹ ❀
P❛❝♦t❡s ❞❡✜♥✐❞♦s ♣❡❧♦ ✉s✉ár✐♦ ♣r❡❝✐s❛♠ s❡r ❝❧❛r❛♠❡♥t❡ ✐❞❡♥t✐✜❝❛❞♦s ♣❡❧❛ ♣❛❧❛✈r❛ ❝❤❛✈❡ ✑♣❛❝❦✲
❛❣❡✑ ❡ ✜❝❛♠ ❞✐s♣♦♥í✈❡✐s ♣❛r❛ s❡✉s ❞♦❝✉♠❡♥t♦s ❞❡♥tr♦ ❞❛ ❜✐❜❧✐♦t❡❝❛ ✑✇♦r❦✑✱ ❛ ♥ã♦ s❡r q✉❡ s❡❥❛♠
❡①♣❧✐❝✐t❛♠❡♥t❡ ❞❡❝❧❛r❛❞❛s ❞❡♥tr♦ ❞❡ ♦✉tr❛ ❜✐❜❧✐♦t❡❝❛ ❞❡✜♥✐❞❛ ♣❡❧♦ ✉s✉ár✐♦✳ ❖ ❡①❡♠♣❧♦ ❛❜❛✐①♦
♠♦str❛ ❛ ❞❡❝❧❛r❛çã♦ ❡ ✉t✐❧✐③❛çã♦ ❞❡ ✉♠ ♣❛❝♦t❡✿
P❆❈❑❆●❊ ♠❡✉❴♣❛❝♦t❡ ■❙
❚❨P❊ ❭ t ❡① t❜ ❢ ④♠❡✉❴✐♥t❡✐r♦ ⑥ ■❙ r❛♥❣❡ −✶✷✼ t♦ ✶✷✼ ❀
❊◆❉ ♠❡✉❴♣❛❝♦t❡ ❀
❯❙❊ ✇♦r❦ ✳ ♠❡✉❴♣❛❝♦t❡ ✳ ❛ ❧ ❧ ❀
❊◆❚■❚❨ ♠✐♥❤❛❴❡♥t✐❞❛❞❡ ■❙
P❖❘❚✭
❡♥tr❛❞❛ ✿ ✐♥ ❭ t ❡① t❜ ❢ ④♠❡✉❴✐♥t❡✐r♦ ⑥ ❀




P♦r s❡r ✉♠❛ ❧✐♥❣✉❛❣❡♠ ♠✉✐t♦ ❛❜r❛♥❣❡♥t❡ ❡ ❝♦♠♣❧❡①❛✱ ❛❧❣✉♠❛s ❞❛s ❢✉♥❝✐♦♥❛❧✐❞❛❞❡s ♣♦ssí✈❡✐s ♥❛
❧✐♥❣✉❛❣❡♠ ♣♦❞❡♠ ♥ã♦ s❡r ♣♦ssí✈❡✐s ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❢ís✐❝❛✱ ❝♦♠♦ ❧❡✐t✉r❛ ❞❡ ❛rq✉✐✈♦s✳ P♦rt❛♥t♦ é
✐♠♣♦rt❛♥t❡ ❝♦♥s✐❞❡r❛r ♦ ❝✐r❝✉✐t♦ r❡❛❧ ❞❡s❡❥❛❞♦✳ ❆ ❢❡rr❛♠❡♥t❛ ❞❡ sí♥t❡s❡ ❡ s✐♠✉❧❛çã♦ t❛♠❜é♠ ❞❡✈❡
s❡r ❝♦♥s✐❞❡r❛❞❛✱ ♣♦✐s ❛ ♠❡s♠❛ ♣♦❞❡ ❛❝❡✐t❛r ❞✐✈❡rs♦s ❝♦♠❛♥❞♦s ✐rr❡❛❧✐③á✈❡✐s ♥♦ ♠✉♥❞♦ r❡❛❧✳
❆ s✐♥t❡t✐③❛çã♦ ♦❝♦rr❡ ❡♠ ✈ár✐❛s ❡t❛♣❛s ♣❛r❛ ❧❡✈❛r ❛ ❞❡s❝r✐çã♦ ❞♦ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦ ❞❛ ❧✐♥❣✉❛❣❡♠
❛té ♦ ❝✐r❝✉✐t♦ r❡❛❧✱ ❝♦♠♦ ✈✐st♦ ♥❛ ✜❣✉r❛ ✷✳✶✵✳ ❖s ❢❛❜r✐❝❛♥t❡s ❞❡ ❞✐s♣♦s✐t✐✈♦s r❡♣r♦❣r❛♠á✈❡✐s ✭❋P✲
●❆s✮ ❝♦st✉♠❛♠ ❢♦r♥❡❝❡r ❢❡rr❛♠❡♥t❛s q✉❡ ❢❛③❡♠ t♦❞♦ ♦ ♣r♦❝❡ss♦ ❛✉t♦♠❛t✐❝❛♠❡♥t❡✳ ❊ss❡s ♥í✈❡✐s
❣❡r❛❧♠❡♥t❡ sã♦ ❬✷✻❪✿
✶✳ ❆♥á❧✐s❡
❱❡r✐✜❝❛çã♦ ❞❡ s✐♥t❛①❡✱ t✐♣♦s ❡ ❤✐❡r❛rq✉✐❛ ❞♦ ❝ó❞✐❣♦✱ s❡♠❡❧❤❛♥t❡ ❛ ✉♠❛ ♣r✐♠❡✐r❛ ♣❛ss❛❣❡♠
❞❡ ✉♠ ❝♦♠♣✐❧❛❞♦r✳ ❆ ❢❡rr❛♠❡♥t❛ ❞❡ sí♥t❡s❡ ♣♦❞❡ t❛♠❜é♠ ❣❡r❛r ✉♠❛ ❞❡s❝r✐çã♦ ❱❍❉▲ ♠❛✐s
s✐♠♣❧✐✜❝❛❞❛ ♥❡ss❛ ❡t❛♣❛ ❛tr❛✈és ❞❡ ✐t❡r❛çõ❡s✱ tr❛❞✉③✐♥❞♦ ♠❛❝r♦s ♣❛r❛ ❡str✉t✉r❛s ♠❛✐s s✐♠♣❧❡s
❛té ♦❜t❡r ✉♠❛ ❞❡s❝r✐çã♦ s✐♥t❡t✐③á✈❡❧✳
✷✳ ●❡r❛çã♦ ❞❡ ❝✐r❝✉✐t♦ ❘❚▲ ✭❘❡❣✐st❡r ❚r❛♥s❢❡r ▲❡✈❡❧✮
➱ ❣❡r❛❞♦ ✉♠ ❝✐r❝✉✐t♦ ❞❡ ♣r✐♠✐t✐✈❛s ❣❡♥ér✐❝❛s ♥♦ s✐♥t❡t✐③❛❞♦r✱ ❝♦♠♦ ❝♦♥t❛❞♦r❡s✱ s♦♠❛❞♦r❡s ❡
♣♦rt❛s ❧ó❣✐❝❛s
✸✳ P♦rt❛s
❆s ♣r✐♠✐t✐✈❛s ❣❡♥ér✐❝❛s sã♦ s✉❜st✐t✉í❞❛s ♣♦r ❝♦♠♣♦♥❡♥t❡s r❡❛✐s ❞♦ ❞✐s♣♦s✐t✐✈♦ ❡♠♣r❡❣❛❞♦✱
❝♦♠♦ ✢✐♣✲✢♦♣s✱ ❝❛rr②s ❡ ❧❛t❝❤❡s✳
✹✳ P❧❛❝❡ ❛♥❞ ❘♦✉t❡
❈♦♠ ❛ ❞❡s❝r✐çã♦ ❞❡ ❝♦♠♣♦♥❡♥t❡s ❡ ❧✐❣❛çõ❡s ❡♥tr❡ ♦s ♠❡s♠♦s✱ ♦ s✐♥t❡t✐③❛❞♦r ❢❛③ ♦ ♣♦s✐❝✐♦♥❛✲
♠❡♥t♦ ❞❛s ♣r✐♠✐t✐✈❛s ❡♠ ✉♠ ❞✐s♣♦s✐t✐✈♦✱ ✉t✐❧✐③❛♥❞♦ ♦s ❝♦♠♣♦♥❡♥t❡s ❡ ❧✐❣❛çõ❡s ❞✐s♣♦♥í✈❡✐s✳
✷✳✹✳✻ ❙✐♠✉❧❛çã♦
❯♠❛ ❞❛s ❢❡rr❛♠❡♥t❛s ♠❛✐s út❡✐s ♣❛r❛ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞❡ q✉❛❧q✉❡r s✐st❡♠❛ é ♦ s✐♠✉❧❛❞♦r q✉❡
❞á ❛♦ ♣r♦❥❡t✐st❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ s✐♠✉❧❛r ♦ ♣r♦❥❡t♦ ❡♠ s✉❛s ✈ár✐❛s ❡t❛♣❛s✳ ❈♦♠ ❛s ❧✐♥❣✉❛❣❡♥s ❞❡
❞❡s❝r✐çã♦ ❞❡ ❤❛r❞✇❛r❡ ♥ã♦ é ❞✐❢❡r❡♥t❡✳ ●❡r❛❧♠❡♥t❡ ♦s s✐♥t❡t✐③❛❞♦r❡s ❞❡ ❱❍❉▲ ♦✉ ❱❡r✐❧♦❣ t❛♠❜é♠
sã♦ ✈❡♥❞✐❞♦s ♦✉ ❞✐str✐❜✉í❞♦s ❝♦♠ ❛❧❣✉♠ s✐♠✉❧❛❞♦r✳
❆ ♣r✐♥❝í♣✐♦ ♣♦❞❡✲s❡ ♣❡♥s❛r q✉❡ ✉♠ s✐♠✉❧❛❞♦r r♦❞❛♥❞♦ ❡♠ ✉♠❛ ❛rq✉✐t❡t✉r❛ ❞❡ ❱♦♥ ◆❡✉♠❛♥♥
♥ã♦ s❡rá út✐❧ ♣♦✐s ♥ã♦ t❡♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡ss❛r ♥❛ ♠❡s♠❛ ✈❡❧♦❝✐❞❛❞❡ q✉❡ ✉♠ ❤❛r❞✇❛r❡ ❞❡
❛♣❧✐❝❛çã♦ ❡s♣❡❝í✜❝❛✳ P♦ré♠✱ ♦ ♣r♦❝❡ss♦ ❞❡ ❝♦♠♣✐❧❛çã♦ ❡ ❡s❝r✐t❛ ❡♠ ✉♠❛ ♣❧❛❝❛ ❋P●❆ t❡♠ ✉♠ ❛❧t♦
❝✉st♦ ❞❡ t❡♠♣♦ ❡ ♦ s✐♠✉❧❛❞♦r ♥♦r♠❛❧♠❡♥t❡ é ❝❛♣❛③ ❞❡ ❞❛r r❡s✉❧t❛❞♦s s❛t✐s❢❛tór✐♦s ❛♣❡♥❛s ❝♦♠
✉♠❛ s✐♥t❡t✐③❛çã♦ ❛ ♥í✈❡❧ ❞❡ ❘❚▲✳ ❉❡ss❛ ❢♦r♠❛ é ♣♦ssí✈❡❧ t❡st❛r ❡ ❝♦rr✐❣✐r r❛♣✐❞❛♠❡♥t❡ ❛❧t❡r❛çõ❡s
♥♦ ♣r♦❥❡t♦✳
❆ s❡❣✉✐r s❡rã♦ ❞❡s❝r✐t♦s ❛❧❣✉♥s ❛s♣❡❝t♦s ❞❡ s✐♠✉❧❛❞♦r❡s ❞❡ ❢♦r♠❛ s✉❝✐♥t❛✳
✷✻
❋✐❣✉r❛ ✷✳✶✵✿ ❙í♥t❡s❡ ❞❡ ✉♠❛ ❞❡s❝r✐çã♦ ❱❍❉▲ ❬✷✻❪
✷✳✹✳✻✳✶ ❋✉♥❝✐♦♥❛♠❡♥t♦
❖ s✐♠✉❧❛❞♦r ❝♦♥s✐❞❡r❛ ✉♠ ❝✐r❝✉✐t♦ ❝♦♠♦ ✉♠❛ ❝♦❧❡çã♦ ❞❡ s✐♥❛✐s ❡ ♣r♦❝❡ss♦s✳ ❙✐♥❛✐s ♣♦❞❡♠
♠✉❞❛r ❞❡ ✈❛❧♦r ❝♦♠ ♦ t❡♠♣♦ s♦❜ ♦ ✐♠♣❛❝t♦ ❞❡ ♣r♦❝❡ss♦s✳ ❯♠❛ ♠✉❞❛♥ç❛ ❞❡ s✐♥❛❧ é ❝❤❛♠❛❞❛ ❞❡
tr❛♥s❛çã♦✳ ❬✸✵❪
❖ q✉❡ ✉♠ s✐♠✉❧❛❞♦r ❞❡✈❡ ❢❛③❡r ❡♠ ✉♠ ❞❡t❡r♠✐♥❛❞♦ ♠♦♠❡♥t♦ é ✐♥❞✐❝❛❞♦ ♣♦r ✉♠❛ ❧✐st❛ ❞❡ ❛çõ❡s
❝❧❛ss✐✜❝❛❞❛s ♣♦r t❡♠♣♦✳ ❊st❛ é ❛ ❧✐st❛ ❞❡ ❡✈❡♥t♦s✳ ❊✈❡♥t♦ é ❛ ❞❡s✐❣♥❛çã♦ ♣❛r❛ ✉♠❛ ♠✉❞❛♥ç❛
❞❡ s✐♥❛❧ ♦✉ ❛t✐✈❛çã♦ ❞❡ ✉♠ ♣r♦❝❡ss♦ ❡♠ ✉♠ ♠♦♠❡♥t♦ ❡s♣❡❝í✜❝♦✳ P♦r ❡①❡♠♣❧♦✱ s❡ ✉♠ ♣r♦❝❡ss♦ q✉❡
❡stá ❛t✐✈♦ ♥♦ ♠♦♠❡♥t♦ t = t0 t❡♠ ♦ ❝♦♠❛♥❞♦ a <=′ 1′ after 10ns✱ ❡♥tã♦ ❛ tr❛♥s❛çã♦ a <=′ 1′ é
❝♦❧♦❝❛❞❛ ♥❛ ❧✐st❛ ❞❡ ❡✈❡♥t♦s ♥♦ ♠♦♠❡♥t♦ t = t0 + 10ns✳ ❬✸✵❪
❯♠❛ tr❛♥s❛çã♦ ♥✉♥❝❛ ♦❝♦rr❡ ✐♠❡❞✐❛t❛♠❡♥t❡✱ ♠❡s♠♦ q✉❛♥❞♦ s❡ ♦ ❝ó❞✐❣♦ ♥ã♦ ❡s♣❡❝✐✜❝❛r ♥❡♥❤✉♠
❛tr❛s♦✭❛❢t❡r✮✳ P♦rt❛♥t♦✱ ✉♠❛ tr❛♥s❛çã♦ é ❝♦❧♦❝❛❞❛ ♥❛ ❧✐st❛ ❞❡ ❡✈❡♥t♦s ♥♦ ♠♦♠❡♥t♦ t = t0 +
∆✱ ❡♠ q✉❡ ∆ é ③❡r♦ ✭♦✉ ✐♥✜♥✐t❡s✐♠❛❧♠❡♥t❡ ♣❡q✉❡♥♦✮✳ ■ss♦ ♣❡r♠✐t❡ q✉❡ ♣r♦❝❡ss♦s q✉❡ ♦❝♦rr❡♠
s✐♠✉❧t❛♥❡❛♠❡♥t❡ s❡❥❛♠ ♦r❞❡♥❛❞♦s ♥♦ t❡♠♣♦✳ ■st♦ é ♣♦ssí✈❡❧ ♣♦rq✉❡ 0 < ∆ < 2∆ ♣❛r❛ ♦ s✐♠✉❧❛❞♦r✳
❖ ❝♦♥❝❡✐t♦ ❞❡ ✐♥✜♥✐t❡s✐♠❛❧♠❡♥t❡ ♣❡q✉❡♥♦ é ❝❤❛♠❛❞♦ ❞❡ ❛tr❛s♦ ❞❡❧t❛✳ ❬✸✵❪
❆ s✐♠✉❧❛çã♦ ❝♦♠❡ç❛ ❝♦♠ ❛ ❝r✐❛çã♦ ❞❛ ❧✐st❛ ❞❡ ❡✈❡♥t♦s✳ ❚♦❞♦s ♦s ♣r♦❝❡ss♦s ❞❛ ❞❡s❝r✐çã♦ ❱❍❉▲
sã♦ ❝♦❧♦❝❛❞♦s ♥❛ ♣♦s✐çã♦ ❝♦rr❡t❛ ❞❛ ❧✐st❛✳ ❉✉r❛♥t❡ ❛ s✐♠✉❧❛çã♦ ❛ ❧✐st❛ ❞❡ ❡✈❡♥t♦s é ♣r♦❝❡ss❛❞❛ ❡♠
✷✼
♦r❞❡♠ t❡♠♣♦r❛❧✳ ◆♦✈♦s ❡✈❡♥t♦s q✉❡ r❡s✉❧t❛♥t❡s ❞❡ tr❛♥s❛çõ❡s sã♦ ❝♦❧♦❝❛❞♦s ♥❛ ♣♦s✐çã♦ ❝♦rr❡t❛ ❞❛
❧✐st❛✳ ❆ s✐♠✉❧❛çã♦ ❛❝❛❜❛ q✉❛♥❞♦ ❛ ❧✐st❛ ❞❡ ❡✈❡♥t♦s ❡stá ✈❛③✐❛✱ q✉❛♥❞♦ é ❢♦rç❛❞❛ ❛ t❡r♠✐♥❛r✭r❡str✐çã♦
❞❡ t❡♠♣♦✮ ♦✉ ❡♥❝♦♥tr❛ ✉♠ ❡rr♦✳ ❬✸✵❪
❊st❡ ♣r♦❝❡ss♦ é ❝❤❛♠❛❞♦ ❞❡ s✐♠✉❧❛çã♦ ♦r✐❡♥t❛❞❛ ❛ ❡✈❡♥t♦s ✭❡✈❡♥t✲❞r✐✈❡♥✮ ❡ é ✉t✐❧✐③❛❞❛ ♣♦r
♣r❛t✐❝❛♠❡♥t❡ t♦❞♦s ♦s s✐♠✉❧❛❞♦r❡s ❞✐❣✐t❛✐s✳ ❬✸✵❪
✷✳✹✳✻✳✷ ❊stí♠✉❧♦s ❞❡ ❡♥tr❛❞❛
❆❧❡♠ ❞❛ ❞❡s❝r✐çã♦ ❞❡ ❤❛r❞✇❛r❡✱ ✉♠ s✐♠✉❧❛❞♦r ♣r❡❝✐s❛ ❞♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ q✉❡ ✐♥✢✉❡♥❝✐❛rã♦
♦s ♣r♦❝❡ss♦s✳
❆❧❣✉♥s s♦❢t✇❛r❡s t❡♠ ❢✉♥çõ❡s q✉❡ ❛❥✉❞❛♠ ♦ ♣r♦❥❡t✐st❛ ❛ ❝r✐❛r ❡stí♠✉❧♦s ♣❛r❛ ♦ s✐♠✉❧❛❞♦r✱ ❝♦♠♦
✉♠ ❛rq✉✐✈♦ ❞❡ ❢♦r♠❛s ❞❡ ♦♥❞❛ ✭✇❛✈❡❢♦r♠✮✳ ❊ss❡s ❛rq✉✐✈♦s sã♦ ❢❛❝✐❧♠❡♥t❡ ❡❞✐tá✈❡✐s ❝♦♠ ❢✉♥çõ❡s
s✐♠♣❧❡s ♣❛r❛ ✈❡t♦r❡s ❞❡ ♦♥❞❛s ❝♦♠♦✿ ❝❧♦❝❦✱ ❝♦♥t❛❞♦r❡s✱ ✈❛❧♦r❡s ❛❧❡❛tór✐♦s✱ t❡①t♦s ♦✉ ❡❞✐çã♦ ♠❛♥✉❛❧
❢❡✐t❛ ✈✐s✉❛❧♠❡♥t❡ ❬✸✵❪✳ ❊st❡s ❛rq✉✐✈♦s sã♦ ❜❛st❛♥t❡ út❡✐s ♣❛r❛ ♦ t❡st❡ ❞❡ ❜❧♦❝♦s ♠❛✐s s✐♠♣❧❡s✳
P♦ré♠✱ s✐♠✉❧❛çõ❡s ♠❛✐s ❞❡t❛❧❤❛❞❛s ❡ ❡①t❡♥s❛s é ♠❛✐s ❝♦♠✉♠ ♦ ✉s♦ ❞❡ t❡st❜❡♥❝❤❡s✳ ❖s t❡st✲
❜❡♥❝❤❡s sã♦ ❛rq✉✐✈♦s ❝r✐❛❞♦s ❡♠ ❱❍❉▲ ❡ ❛♣r♦✈❡✐t❛♠ ❛ ♣ró♣r✐❛ ❡str✉t✉r❛ ❡ ♦s ❡❧❡♠❡♥t♦s ❞❛ ❧✐♥✲
❣✉❛❣❡♠ ♣❛r❛ ❢♦r♥❡❝❡r ♦s ✈❛❧♦r❡s ❞❡s❡❥❛❞♦s ❛♦ s✐♠✉❧❛❞♦r✳
❖ ♠❛✐s ❝♦♠✉♠ é s❡ ❝♦♥str✉✐r ✉♠ t❡st❜❡♥❝❤ ❝♦♠ ✉♠❛ ❡♥t✐❞❛❞❡ ❞❡ ♣r♦❥❡t♦ s❡♠ ❡♥tr❛❞❛s ♦✉ s❛í❞❛s
❡ ❛♣❡♥❛s ✉♠ ❝♦♠♣♦♥❡♥t❡ q✉❡ é ❛ ❡♥t✐❞❛❞❡ ❞❡ ♣r♦❥❡t♦ ❛ s❡r t❡st❛❞❛✳ ❊st❡ ❝♦♠♣♦♥❡♥t❡ ❝♦st✉♠❛
s❡r ❝❤❛♠❛❞♦ ❞❡ ❉❡s✐❣♥ ❯♥❞❡r ❚❡st ✭❉❯❚✮✱ ♦✉ ❉❡s✐❣♥ ❯♥❞❡r ❱❡r✐✜❝❛t✐♦♥ ✭❉❯❱✮✳ ❉❡ss❛ ❢♦r♠❛ é
♣♦ssí✈❡❧ ❝r✐❛r ✈❛❧♦r❡s ♣❛r❛ t♦❞♦s ♦s s✐♥❛✐s ❞❡ ❡♥tr❛❞❛ ❞♦ ❉❯❚ ❞❡♥tr♦ ❞❛ ❛rq✉✐t❡t✉r❛ ❞♦ t❡st❜❡♥❝❤✳
P❛r❛ ❛❧t❡r❛r ♦s ✈❛❧♦r❡s ❞❡ ❡♥tr❛❞❛ ❝♦♠ ♦ t❡♠♣♦✱ ♣♦❞❡♠ s❡r ✉t✐❧✐③❛❞♦s ♦s ❝♦♠❛♥❞♦s ✑❛❢t❡r✑ ❡
✑✇❛✐t✑✳ ❊st❡s ❝♦♠❛♥❞♦s✱ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛ ❡str✉t✉r❛ ❞♦ ❱❍❉▲✱ ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❡ ♣r♦❝❡ss♦s✱
♣❡r♠✐t❡♠ ❝r✐❛r s✐♥❛✐s sí♥❝r♦♥♦s ♦✉ ❛ssí♥❝r♦♥♦s ♣❛r❛ ❢♦r♥❡❝❡r ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ❛ ✉♠ t❡st❜❡♥❝❤✳
P♦❞❡✲s❡ ❝r✐❛r ✉♠ ❝❧♦❝❦✱ ♣♦r ❡①❡♠♣❧♦✳
✷✳✹✳✻✳✸ ❆♣r❡s❡♥t❛çã♦ ❞❡ r❡s✉❧t❛❞♦s
❖s s✐♠✉❧❛❞♦r❡s ❝♦st✉♠❛♠ ❛♣r❡s❡♥t❛r ♦s r❡s✉❧t❛❞♦s ❞❛ s✐♠✉❧❛çã♦ ❡♠ ✉♠❛ ❥❛♥❡❧❛ ❝♦♠ ❛s ❢♦r✲
♠❛s ❞❡ ♦♥❞❛ ❞♦s s✐♥❛✐s ❞❡ s❛í❞❛ ❞♦ ❉❯❚✳ P❛r❛ ❢❛❝✐❧✐t❛r ❛ ❧❡✐t✉r❛✱ ♦s s✐♠✉❧❛❞♦r❡s ❛♣r❡s❡♥t❛♠ ♦s
✈❛❧♦r❡s s♦❜r❡ ❛s ♦♥❞❛s✱ ♦✉ ❛♦ ❧❛❞♦ ❞❡st❛s✳ ❙❡ ✉♠ ✈❡t♦r é r❡♣r❡s❡♥t❛❞♦✱ ♣♦❞❡♠ s❡r ✈✐s✉❛❧✐③❛❞❛s ❛s
♣❛❧❛✈r❛s ❜✐♥ár✐❛s ♦✉ ❛❧❣✉♠❛ ❞❡❝♦❞✐✜❝❛çã♦ ❞❡st❛s✱ ❝♦♠♦ ✈❛❧♦r❡s ❞❡❝✐♠❛✐s✱ ❤❡①❛❞❡❝✐♠❛✐s✱ ♦✉ ♠❡s♠♦
❝❛r❛❝t❡r❡s✳
❊♠ ❣❡r❛❧✱ ♣♦❞❡✲s❡ r❡♠♦✈❡r ♦✉ ❛❞✐❝✐♦♥❛r ♦✉tr♦s s✐♥❛✐s ✐♥t❡r♥♦s ❛♦ ❉❯❚✱ ❝♦♠♦ s❛í❞❛s ❡ ❡♥tr❛❞❛s
❞❡ ❡♥t✐❞❛❞❡s ✐♥st❛♥❝✐❛❞❛s ♥♦ ❉❯❚ ♦✉ ♠❡s♠♦ s✐♥❛✐s ✐♥t❡r♥♦s ❛ ❡st❛s ✐♥stâ♥❝✐❛s✳ ❊st❛ ❢✉♥❝✐♦♥❛❧✐❞❛❞❡
é ❡①tr❡♠❛♠❡♥t❡ ♣♦❞❡r♦s❛ ♣♦✐s ♣❡r♠✐t❡ t❡st❛r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ t♦❞❛s ❛s ♣❛rt❡s ❞♦ ♣r♦❥❡t♦✱
✐♥❞❡♣❡♥❞❡♥t❡ ❞♦ ♥í✈❡❧ ❞❡ ❤✐❡r❛rq✉✐❛✳
✷✽
✷✳✺ ❆q✉✐s✐çã♦ ❞❡ ✐♠❛❣❡♥s
❆s ✐♠❛❣❡♥s ♥❡❝❡ssár✐❛s ♣❛r❛ ♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❡✈❡♠ s❡r ♦❜t✐❞❛s ❛❞❡q✉❛❞❛♠❡♥t❡ à ✈❡❧♦❝✐❞❛❞❡
❞♦ ♣r♦❝❡ss♦ ❡♠ q✉❡stã♦✳ ❆♣❡s❛r ❞♦ ♣r♦❝❡ss♦ ❞❡ s♦❧❞❛❣❡♠ ♥ã♦ s❡r ♠✉✐t♦ rá♣✐❞♦ s❡ ❝♦♠♣❛r❛❞♦
à ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❝✐r❝✉✐t♦s ❞✐❣✐t❛✐s✱ ❛ ♦❜t❡♥çã♦ ❞❛s ✐♥❢♦r♠❛çõ❡s út❡✐s ♥ã♦ é tr✐✈✐❛❧✳ ❆s ♠❡❧❤♦r❡s
✐♠❛❣❡♥s ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♣❛râ♠❡tr♦s só sã♦ ✈✐sí✈❡✐s ♣♦r ❝✉rt♦s ♣❡rí♦❞♦s ❞❡ t❡♠♣♦ ❞✉r❛♥t❡ ♦
♠♦♠❡♥t♦ ❞❡ ❝✉rt♦✲❝✐r❝✉✐t♦ ❞❛ s♦❧❞❛✱ ♥ã♦ ♠❛✐s q✉❡ ❛❧❣✉♥s ♠✐❧✐ss❡❣✉♥❞♦s✳
❋✐❣✉r❛ ✷✳✶✶✿ ❈â♠❡r❛ ✐♥❞✉str✐❛❧ ❬✸✶❪
❈â♠❡r❛s ❝♦♠✉♥s ♥ã♦ sã♦ ❝❛♣❛③❡s ❞❡ r❡❣✐str❛r ❡st❛s ✐♠❛❣❡♥s✱ ♣♦✐s ♥ã♦ ❝♦♥s❡❣✉❡♠ tr❛♥s♠✐t✐r
♦s ❞❛❞♦s ❞❡ ❢♦r♠❛ s✉✜❝✐❡♥t❡♠❡♥t❡ rá♣✐❞❛✳ ❖ ❝✉rt♦✲❝✐r❝✉✐t♦ ❝♦♠❡ç❛ ❡ ❛❝❛❜❛ ❛♥t❡s q✉❡ ❛ ❝â♠❡r❛
tr❛♥s♠✐t❛ ✉♠ ❢r❛♠❡ ✐♥t❡✐r♦✳ ❖ ♠❛✐s ❝♦♠✉♠ ♥❡ss❡ ❝❛s♦ é ✉♠❛ ✐♠❛❣❡♠ ❝♦♠ ❜r✐❧❤♦ ❡①❝❡ss✐✈♦ ♣r♦✈✐♥❞♦
❞♦ ❛r❝♦ ❞❡ s♦❧❞❛ q✉❡ ❞✉r❛ ♠✉✐t♦ ♠❛✐s t❡♠♣♦ q✉❡ ♦ ❝✉rt♦✲❝✐r❝✉✐t♦✳
❆❧❣✉♠❛s ❝â♠❡r❛s ❡s♣❡❝✐❛✐s✱ ❞❡s❡♥✈♦❧✈✐❞❛s ♣❛r❛ ✉s♦ ✐♥❞✉str✐❛❧ ♦✉ ♣❡sq✉✐s❛ ❝✐❡♥tí✜❝❛✱ sã♦ ❝❛♣❛③❡s
❞❡ r❡❣✐str❛r ❢r❛♠❡s ❡♠ ♣❡rí♦❞♦s ❡①tr❡♠❛♠❡♥t❡ r❡❞✉③✐❞♦s ❞❡ t❡♠♣♦✳ ❊st❛s ♣♦ss✉❡♠ ❛❧t❛ t❛①❛ ❞❡
❝❛♣t✉r❛ ❞❡ ✐♠❛❣❡♥s ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ✉♠❛ ❛❧t❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡ ❞❛❞♦s✳ ❊st❡ é ♦ ❝❛s♦
❞❛ ❝â♠❡r❛ ❉❆▲❙❆ ❉❙✲✷✶✲✵✵✵✶▼✶✺✵ ✭✜❣✉r❛ ✷✳✶✶✮✱ ✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦✱ q✉❡ ♣♦ss✉✐ ✉♠❛ t❛①❛
♠á①✐♠❛ ❞❡ ❛♠♦str❛❣❡♠ ❞❡ ✶✺✵ ❢♣s ❝♦♠ r❡s♦❧✉çã♦ ❞❡ ✶ ♠❡❣❛♣✐①❡❧✭✶✵✷✹ ① ✶✵✷✹ ♣✐①❡❧s✮✳ ❈♦♠ ❝❛❞❛
♣✐①❡❧ r❡♣r❡s❡♥t❛❞♦ ❡♠ ✽ ♥í✈❡✐s ❞❡ ❝✐♥③❛✱ ❛ t❛①❛ ❞❡ tr❛♥s♠✐ssã♦ ❞❡st❛ ❝â♠❡r❛ é ❞❡ ✶✷✵✵ ▼❜✴s✱ ♦✉
❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✶✱✷ ●❜✴s✳ ❬✸✷❪
✷✳✺✳✶ ❈❛♠❡r❛ ▲✐♥❦
❆t✉❛❧♠❡♥t❡ ❡①✐st❡♠ ♣r♦t♦❝♦❧♦s rá♣✐❞♦s ♦ s✉✜❝✐❡♥t❡ ♣❛r❛ tr❛♥s♠✐ssã♦ ❞❡ ❞❛❞♦s ❛ ♣❛rt✐r ❞❛ ♦r❞❡♠
❞❡ ✶ ●❜✴s✱ ❝♦♠♦ ❛ ✜❜r❛ ót✐❝❛ ❡ ♦s ❝❛❜♦s ❡t❤❡r♥❡t ❈❛t ✻ ❡ ❈❛t ✼✳ ▼❛s ❛ ❝â♠❡r❛ ❡♠ q✉❡stã♦ ✉t✐❧✐③❛
✉♠ ♦✉tr♦ ♣r♦t♦❝♦❧♦ ♣❛❞r♦♥✐③❛❞♦ ❡s♣❡❝✐✜❝❛♠❡♥t❡ ♣❛r❛ ❛♣❧✐❝❛çã♦ ❝♦♠ ❝â♠❡r❛s✱ ♦ ❈❛♠❡r❛ ▲✐♥❦✳ ❊st❡
♣r♦t♦❝♦❧♦ ♣❡r♠✐t❡ tr❛♥s♠✐ssã♦ ❞❡ ❛té ✻✱✽ ●❜✴s ❡♠ ✉♠❛ ❝♦♥✜❣✉r❛çã♦ ♠á①✐♠❛ ❞❡ três ❈❤❛♥♥❡❧✲❧✐♥❦s
✷✾
❡ tr❛♥s♠✐t❡ ❛té ✽✵ ❜✐ts ♣♦r ❝✐❝❧♦✳ ❊st❛ ❝❛r❛❝t❡ríst✐❝❛ é ♠✉✐t♦ ✐♥t❡r❡ss❛♥t❡ ♣❛r❛ ✉s♦ ❝♦♠ ❋P●❆s
♣♦✐s t❡♠ ✉♠ ❣r❛✉ ❞❡ ♣❛r❛❧❡❧✐s♠♦ ♥❛t✉r❛❧♠❡♥t❡ s✉♣❡r✐♦r ❛ ♦✉tr♦s ♣r♦t♦❝♦❧♦s✳
❖ ❈❛♠❡r❛ ▲✐♥❦ ✉s❛ ❞❡ ✉♠ ❛ três ❈❤❛♥♥❡❧✲❧✐♥❦s✳ ❈♦♠ ❛♣❡♥❛s ✉♠ é ❝❧❛ss✐✜❝❛❞♦ ❝♦♠♦ ❈♦♥✜❣✉✲
r❛çã♦ ❇❛s❡ ✭❇❛s❡ ❈♦♥✜❣✉r❛t✐♦♥✮ ❡ ♣♦❞❡ tr❛♥s♠✐t✐r ❛té ✷✱✵✹ ●❜✴s✳ ❆s ♦✉tr❛s ❝♦♥✜❣✉r❛çõ❡s sã♦ ❛
▼é❞✐❛ ✭▼❡❞✐✉♠ ❈♦♥✜❣✉r❛t✐♦♥✮ ❡ ❛ ❈♦♠♣❧❡t❛ ✭❋✉❧❧ ❈♦♥✜❣✉r❛t✐♦♥✮ ❡ tr❛♥s♠✐t❡♠ ✹✱✵✽ ❡ ✻✱✽ ●❜✴s
r❡s♣❡❝t✐✈❛♠❡♥t❡✳
❖ ❈❤❛♥♥❡❧✲❧✐♥❦ é ✉♠❛ ✐♥t❡r❢❛❝❡ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❝♦♠ ✉♠ ♣❛r ❡♠✐ssã♦ ❡ r❡❝❡♣çã♦✳ ❊❧❡ r❡❝❡❜❡
✷✽ ❜✐ts ❡ ♦s tr❛♥s♠✐t❡ ❞❡ ❢♦r♠❛ s❡r✐❛❧ ❡♠ q✉❛tr♦ ❝❛♥❛✐s ❞❡ ✼ ❜✐ts ❡ ✉♠ ❝❛♥❛❧ ❞❡ ❝❧♦❝❦✱ t♦❞♦s ❡♠
▲❱❉❙✭▲♦✇ ❱♦❧t❛❣❡ ❉✐✛❡r❡♥t✐❛❧ ❙✐❣♥❛❧✐♥❣✮✳ ❬✸✸❪
✷✳✺✳✶✳✶ ❊s♣❡❝✐✜❝❛çõ❡s
❆ ❝♦♥✜❣✉r❛çã♦ ❜❛s❡ tr❛♥s♠✐t❡ ✷✹ ❜✐ts ❞❡ ❞❛❞♦s ❞♦ ♣✐①❡❧ ♠❛✐s ✸ ❜✐ts ❞❡ ✈❛❧✐❞❛çã♦ ❡ ✉♠ ❜✐t
r❡s❡r✈❛ ❛ ❝❛❞❛ ❝✐❝❧♦ ❞❡ ❝❧♦❝❦✳ ❖s ❜✐ts ❞❡ ✈❛❧✐❞❛çã♦ sã♦ ❉❛t❛ ❱❛❧✐❞✱ ▲✐♥❡ ❱❛❧✐❞ ❡ ❋r❛♠❡ ❱❛❧✐❞✳
❆s ❝♦♥✜❣✉r❛çõ❡s ♠é❞✐❛ ❡ ❝♦♠♣❧❡t❛ ✉t✐❧✐③❛♠ ❞♦✐s ❡ três ❈❤❛♥♥❡❧✲❧✐♥❦s r❡s♣❡❝t✐✈❛♠❡♥t❡✱ ❞✉♣❧✐❝❛♥❞♦
♦✉ tr✐♣❧✐❝❛♥❞♦ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜✐ts tr❛♥s♠✐t✐♦s s✐♠✉❧t❛♥❡❛♠❡♥t❡✳ ❊❧❛s ♣♦❞❡♠ ♦♠✐t✐r ♦s ❜✐ts ❞❡
✈❛❧✐❞❛çã♦ r❡❞✉♥❞❛♥t❡s ❡ tr❛♥s♠✐t✐r ❛té ✽✵ ❜✐ts ❞❡ ❞❛❞♦s ♣♦r ❝✐❝❧♦ ❬✸✸❪✳ ❊st❛ ❝❛r❛❝t❡ríst✐❝❛ ❞❛
✐♥t❡r❢❛❝❡ ❈❛♠❡r❛ ▲✐♥❦ ❛ t♦r♥❛ ✐❞❡❛❧ ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦ ❝♦♠ ❛❧t♦ ♥í✈❡❧ ❞❡ ♣❛r❛❧❡❧✐s♠♦✱ ❝♦♠♦ ❡♠
❋P●❆s✳
❆ tr❛♥s♠✐ssã♦ s❡r✐❛❧ é ❢❡✐t❛ ❝♦♠ ✼ ❜✐ts ❡♠ ❝❛❞❛ ❝❛♥❛❧ ❛ ❝❛❞❛ ❝✐❝❧♦ ❞❡ ❝❧♦❝❦✳ ❖ ✐♥í❝✐♦ ❞❡ ❝❛❞❛
♣❛❧❛✈r❛ ✜❝❛ ♥♦ ♠❡✐♦ ❞♦ ✈❛❧♦r ❛❧t♦ ❞♦ ❝❧♦❝❦ ❡ ♦ ❝❧♦❝❦ t❡♠ ♦ ♣❡rí♦❞♦ ❞❡ ✈❛❧♦r ❛❧t♦ ♠❛✐♦r q✉❡ ♦ ❞❡
✈❛❧♦r ❜❛✐①♦ ♥❛ ♣r♦♣♦rçã♦ ✹✿✸✳ ❊st❛ ❝♦♥✜❣✉r❛çã♦ ♣♦❞❡ s❡r ♠❡❧❤♦r ♦❜s❡r✈❛❞❛ ♥❛ ✜❣✉r❛ ✷✳✶✷✳ ❬✸✹❪
❋✐❣✉r❛ ✷✳✶✷✿ ❈♦❞✐✜❝❛çã♦ ❞❡ ❞❛❞♦s ❞♦ ❈❛♠❡r❛ ▲✐♥❦ ❬✸✸❪
✸✵
P♦❞❡✲s❡ ♥♦t❛r ♥❛ ✜❣✉r❛ ✷✳✶✷ q✉❡ ♦s ❞❛❞♦s ❞❡ ❝❛❞❛ ❝♦r sã♦ ❞✐str✐❜✉í❞♦s ❞❡ ❢♦r♠❛ ❝♦♠♣❧✐❝❛❞❛
❡♥tr❡ ♦s q✉❛tr♦ ❝❛♥❛✐s ❞❛ ✐♥t❡r❢❛❝❡✳
❖s ❜✐ts ❞❡ ✈❛❧✐❞❛çã♦ ❞❡♣❡♥❞❡♠ ❜❛s✐❝❛♠❡♥t❡ ❞❛ ❝â♠❡r❛ ✉t✐❧✐③❛❞❛ ♠❛s s❡❣✉❡♠ s❡♠♣r❡ ✉♠ ♠❡s♠♦
♣❛❞rã♦ ❬✸✸❪✿
• ❋❱❆▲ ✭❋r❛♠❡ ❱❛❧✐❞✮ t❡♠ ♦ ✈❛❧♦r ❆▲❚❖ ♣❛r❛ ❧✐♥❤❛s ✈á❧✐❞❛s ❡ s❡♠ ❞❡s❧♦❝❛♠❡♥t♦ ❡♥tr❡ ❛ ❜♦r❞❛
❞❡ s✉❜✐❞❛ ❞❡ ❋❱❆▲ ❡ ♦ ❝♦♠❡ç♦ ❞❛ ♣r✐♠❡✐r❛ ❧✐♥❤❛ ✈á❧✐❞❛✳
• ▲❱❆▲ ✭▲✐♥❡ ❱❛❧✐❞✮ t❡♠ ♦ ✈❛❧♦r ❆▲❚❖ ♣❛r❛ ♣✐①❡❧s ✈á❧✐❞♦s ❡ s❡♠ ❞❡s❧♦❝❛♠❡♥t♦ ❡♥tr❡ ♦ ❝♦♠❡ç♦
❞❡ ▲❱❆▲ ❡ ♦ ♣r✐♠❡✐r♦ ♣✐①❡❧ ✈á❧✐❞♦✳
• ❉❱❆▲ ✭❉❛t❛ ❱❛❧✐❞✮ t❡♠ ♦ ✈❛❧♦r ❆▲❚❖ ♣❛r❛ ❞❛❞♦s ✈á❧✐❞♦s✳
❊st❡s ❜✐ts ♣♦❞❡♠ s❡r ♠❡❧❤♦r ✈✐s✉❛❧✐③❛❞♦s ♥♦ ♠❛♥✉❛❧ ❞♦ ❢❛❜r✐❝❛♥t❡ ❞❛ ❝â♠❡r❛ ✉t✐❧✐③❛❞❛ ♥♦s
❡①♣❡r✐♠❡♥t♦s✱ ❝♦♥❢♦r♠❡ ❛ ✜❣✉r❛ ✷✳✶✸ ❛❜❛✐①♦ ❬✸✶❪✿
❋✐❣✉r❛ ✷✳✶✸✿ ❊sq✉❡♠❛ ❞❡ ✈❛❧✐❞❛çã♦ ❞❡ ❞❛❞♦s ❞❛ ❝â♠❡r❛ ❉❆▲❙❆ ❉❙✲✷✶✲✵✵✵✶▼✶✺✵ ❬✸✶❪
❆ ✜❣✉r❛ ✷✳✶✸ ❞❡♠♦♥str❛ ❝♦♠ ❝❧❛r❡③❛ ♦s ♠♦♠❡♥t♦s ❞❡ ❛t✐✈❛çã♦ ❡ ❞❡s❛t✐✈❛çã♦ ❞♦s ❜✐ts ❞❡ ✈❛❧✲
✐❞❛çã♦✱ ❛❧é♠ ❞❡ ♦✉tr❛s ❝❛r❛❝t❡ríst✐❝❛s ✐♥t❡r❡ss❛♥t❡s ❞❡ss❛ tr❛♥s♠✐ssã♦ ❞❡ ❞❛❞♦s✳ ❖ ✈❛❧♦r ■◆❚❊✲
●❘❆❚■❖◆ ♣♦r ❡①❡♠♣❧♦ s❡ r❡❢❡r❡ ❛♦ t❡♠♣♦ ❞❡ ❡①♣♦s✐çã♦ ❞❛ ❝â♠❡r❛✱ ❈P❘❊ ✭❈❧♦❝❦s ❛❢t❡r ❡①♣♦s✉r❡
♦❢ t❤❡ s❡♥s♦r✮ q✉❡ é ✉♠ t❡♠♣♦ ♠í♥✐♠♦ ❡♥tr❡ ❛ ❡①♣♦s✐çã♦ ❡ ♦ ✐♥í❝✐♦ ❞❛ tr❛♥s♠✐ssã♦ ❞❡ ❞❛❞♦s ❡ ❧✐♥❡
♣❛✉s❡ é ♦ t❡♠♣♦ ❡♥tr❡ ✉♠❛ ❧✐♥❤❛ ❡ ♦✉tr❛✳
✷✳✺✳✷ ❈♦♥✜❣✉r❛çã♦ ❞❛ ❝â♠❡r❛
❆ ❝â♠❡r❛ é ❡①tr❡♠❛♠❡♥t❡ ✈❡rsát✐❧ ❡ ♣❡r♠✐t❡ ✉♠❛ ❣r❛♥❞❡ ❣❛♠❛ ❞❡ ❝♦♥✜❣✉r❛çõ❡s q✉❡ ♣♦❞❡♠
✐♥❝❧✉s✐✈❡ ❛❧t❡r❛r ❛ ❞✉r❛çã♦ ❞❡ ❛❧❣✉♥s t❡♠♣♦s ❞❡♠♦♥str❛❞♦s ♥❛ ✜❣✉r❛ ✷✳✶✸✳ ❆❧❣✉♠❛s ♦♣çõ❡s ✐♥❝❧✉❡♠
❬✸✶❪✿
✸✶
• ❚❡♠♣♦ ❞❡ ❡①♣♦s✐çã♦ ✲ é ❛ ❞✉r❛çã♦ ❞❡ t❡♠♣♦ q✉❡ ❛ ❝â♠❡r❛ r❡❝❡❜❡ ❧✉③ ❞♦ ❛♠❜✐❡♥t❡ ❡①t❡r♥♦
❛ ❝❛❞❛ ✐♠❛❣❡♠✳ ◆♦r♠❛❧♠❡♥t❡✱ q✉❛♥t♦ ♠❛✐♦r ❢♦r ♦ t❡♠♣♦ ❞❡ ❡①♣♦s✐çã♦✱ ♠❛✐♦r ♦ ❜r✐❧❤♦ ❞❛s
✐♠❛❣❡♥s ♦❜t✐❞❛s❀
• ❋r❛♠❡ ❚✐♠❡ ✲ ❞❡✜♥❡ ♦ t❡♠♣♦ ❞❡ ❞✉r❛çã♦ ❞❡ ❝❛❞❛ ❢r❛♠❡✱ ♦✉ s❡✉ ✐♥✈❡rs♦✿ ❛ t❛①❛ ❞❡ ❛q✉✐s✐çã♦
❞❛ ❝â♠❡r❛✱ t❛♠❜é♠ ❝❤❛♠❛❞❛ ❞❡ ❋P❙ ✭❋r❛♠❡s P❡r ❙❡❝♦♥❞✮✳
• ❉✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ❥❛♥❡❧❛ ✲ é ✉♠❛ ❞❛s ❢✉♥çõ❡s ♠❛✐s ✐♥t❡r❡ss❛♥t❡s ❞❡ss❛ ❝â♠❡r❛✱ ♣♦✐s ♣❡r♠✐t❡
✉s❛r ❛♣❡♥❛s s❡t♦r❡s ❞❡ ✐♥t❡r❡ss❡ ❞❡♥tr♦ ❞❛ ❥❛♥❡❧❛ ❞❛ ❝â♠❡r❛✳ ■st♦ ♣❡r♠✐t❡ ❛ ❛q✉✐s✐çã♦ ❞❡
✐♠❛❣❡♥s ♠❡♥♦r❡s ❛ ✉♠❛ t❛①❛ ♠❛✐s ❡❧❡✈❛❞❛ ❞❡ ❋P❙✳ P♦r ❡①❡♠♣❧♦✱ ♣♦❞❡ s❡r tr❛♥s♠✐t✐❞♦ ✉♠
✈í❞❡♦ ❞❡ ✶✵✷✹ ① ✶✵✷✹ ♣✐①❡❧s ✭✶ ▼♣✮ ❛ ✶✺✵ ❋P❙ ♦✉ ✉♠ ❞❡ ✺✶✷ ① ✶✵✷✹ ♣✐①❡❧s ✭✵✱✺✮ ▼♣ ❛ ✸✵✵
❋P❙✳
❚♦❞♦s ❡ss❡s ♣❛râ♠❡tr♦s ♣♦❞❡♠ s❡r ❞❡✜♥✐❞♦s ❛tr❛✈és ❞❡ ❝♦♠✉♥✐❝❛çã♦ s❡r✐❛❧ ♣♦r ✉♠ s♦❢t✇❛r❡
❢♦r♥❡❝✐❞♦ ♣❡❧♦ ❢❛❜r✐❝❛♥t❡✳ ❆s ❝♦♥✜❣✉r❛çõ❡s ✜❝❛♠ ❛r♠❛③❡♥❛❞❛s ♥❛ ❊❊P❘❖▼ ✭❊❧❡❝tr✐❝❛❧❧②✲❊r❛s❛❜❧❡
Pr♦❣r❛♠♠❛❜❧❡ ❘❡❛❞✲❖♥❧② ▼❡♠♦r②✮ ❞❛ ❝â♠❡r❛ ❡ ❝♦♥t✐♥✉❛♠ ❡♠ ✈✐❣♦r ♠❡s♠♦ ❛♣ós ❛ ♠❡s♠❛ s❡r
❞❡s❧✐❣❛❞❛✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ ❛ ❝â♠❡r❛ ♣♦❞❡ s❡r ❝♦♥✜❣✉r❛❞❛ ❝♦♠ ♦ s♦❢t✇❛r❡ ❡ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛q✉✐s✐çã♦
❝♦♠ ♦✉tr❛ ✐♥t❡r❢❛❝❡ ♠❡s♠♦ ❛♣ós s❡r ❞❡s❧✐❣❛❞❛✳
✷✳✻ ❘❡❣r❡ssã♦ ▲✐♥❡❛r
❘❡❣r❡ssã♦ é ✉♠❛ ❢❡rr❛♠❡♥t❛ ❝♦♠✉♠ ♣❛r❛ ❞✐✈❡rs♦s ♣r♦❜❧❡♠❛s ❡♠ ❡♥❣❡♥❤❛r✐❛ ❡ ❡st❛tíst✐❝❛ ❡♠
❣❡r❛❧✳ ❯♠❛ r❡❣r❡ssã♦ ❝♦♥s✐st❡ ❜❛s✐❝❛♠❡♥t❡ ❡♠ ✉♠❛ ❢✉♥çã♦ ♠❛t❡♠át✐❝❛ q✉❡ ❞❡s❝r❡✈❡ ❛ r❡❧❛çã♦
❡♥tr❡ ❞✉❛s ✈❛r✐á✈❡✐s s❡♥❞♦ ♦ ❝♦♠♣♦rt❛♠❡♥t♦ ❞❡ ✉♠❛ ❞❡♣❡♥❞❡♥t❡ ❞❛ ♦✉tr❛ ❬✸✺❪✳
❊♠ ✉♠❛ r❡❣r❡ssã♦✱ ✉♠❛ ❞❛s ✈❛r✐á✈❡✐s✱ ♥♦r♠❛❧♠❡♥t❡ ❝❤❛♠❛❞❛ ❞❡ x✱ é t✐❞❛ ❝♦♠♦ ✐♥❞❡♣❡♥❞❡♥t❡ ♦✉
✈❛r✐á✈❡❧ ❝♦♥tr♦❧❛❞❛✳ ❊st❛ ✈❛r✐á✈❡❧ ♣♦❞❡ s❡r ♠❡❞✐❞❛ ❝♦♠ ❜♦♠ ♥í✈❡❧ ❞❡ ❡①❛t✐❞ã♦✳ ❆ ♦✉tr❛ ✈❛r✐á✈❡❧✱
♥♦r♠❛❧♠❡♥t❡ t✐❞❛ ❝♦♠♦ y é ❛❧❡❛tór✐❛✳ ❖ q✉❡ s❡ ❞❡s❡❥❛ ♦❜t❡r é ❛ ❢✉♥çã♦ ♠❛t❡♠át✐❝❛ µ(x) ❞❡
❞❡♣❡♥❞ê♥❝✐❛ q✉❡ y t❡♠ ❡♠ r❡❧❛çã♦ ❛ x ❬✸✺❪✳
❯♠❛ r❡❣r❡ssã♦ ❧✐♥❡❛r é ✉♠ ❝❛s♦ ❡s♣❡❝í✜❝♦✱ ♦ ♠❛✐s s✐♠♣❧❡s ❞❡♥tr❡ ❛s r❡❣r❡ssõ❡s✱ ❡ ❛ ❢✉♥çã♦ q✉❡
s❡ ♣r♦❝✉r❛ é ✉♠❛ ❧✐♥❤❛ r❡t❛ ❞❛ ❢♦r♠❛✿
µ(x) = b+ ax ✭✷✳✶✽✮
❖ ♠ét♦❞♦ ♠❛✐s ✉t✐❧✐③❛❞♦ ♣❛r❛ s❡ ❡♥❝♦♥tr❛r ❛ r❡t❛ q✉❡ ♠❡❧❤♦r ❞❡s❝r❡✈❡ ✉♠❛ s❡q✉❡♥❝✐❛ ❝♦♠
♣♦♥t♦s ❞♦ t✐♣♦ (x1, y1)✱· · · ✱(xn, yn) é ♦ ♠ét♦❞♦ ❞♦s ▼í♥✐♠♦s ◗✉❛❞r❛❞♦s ❖r❞✐♥ár✐♦s✱ ♦✉ ▼◗❖✳ ❖
♣r✐♥❝í♣✐♦ é ♦ s❡❣✉✐♥t❡✿ ✧❆ r❡t❛ ❞❡✈❡ s❡r ❛❥✉st❛❞❛ ❛tr❛✈és ❞♦s ♣♦♥t♦s ❞❡ ♠♦❞♦ q✉❡ ❛ s♦♠❛ ❞♦s
q✉❛❞r❛❞♦s ❞❛s ❞✐stâ♥❝✐❛s ❡♥tr❡ ♦s ♣♦♥t♦s ❡ ❛ r❡t❛ s❡❥❛ ♠í♥✐♠❛✱ ♦♥❞❡ ❛ ❞✐stâ♥❝✐❛ é ♠❡❞✐❞❛ ♥❛
✈❡rt✐❝❛❧✭❡✐①♦ y✮✳✧❬✸✺❪
❆❧é♠ ❞❡st❡ ♣r✐♥❝í♣✐♦ é ♥❡❝❡ssár✐❛ ♠❛✐s ✉♠❛ ❝♦♥❞✐çã♦ ♣❛r❛ ❛ s♦❧✉çã♦ ♠❛t❡♠át✐❝❛ ú♥✐❝❛ ❞❡st❡
♠ét♦❞♦✿ ✧❖s ✈❛❧♦r❡s x1✱· · · ✱xn ♥❛ ❛♠♦str❛ ✭x1, y1)✱· · · ✱(xn, yn) ♥ã♦ ♣♦❞❡♠ s❡r t♦❞♦s ✐❣✉❛✐s✳✧❬✸✺❪
✸✷
➚ ♣❛rt✐r ❞❡ ✉♠❛ ❛♠♦str❛ (x1, y1)✱· · · ✱(xn, yn)✱ ❞❡s❝r❡✈❡✲s❡ ❛ s❡❣✉✐♥t❡ ❧✐♥❤❛✱ ❝❤❛♠❛❞❛ ❧✐♥❤❛ ❞❡
r❡❣r❡ssã♦ ❡①❡♠♣❧♦✿
y = b+ ax ✭✷✳✶✾✮
❆ ❞✐stâ♥❝✐❛ ✈❡rt✐❝❛❧ ❡♥tr❡ ✉♠ ♣♦♥t♦ (xi, yi) ❡ ❛ r❡t❛ ❡♠ ✷✳✶✾ é ❞❛❞❛ ♣♦r✿
|yi − (b+ axi)| ✭✷✳✷✵✮





(yi − b− axi)
2 ✭✷✳✷✶✮








❆ ❧✐♥❤❛ ❡①❡♠♣❧♦ ♣♦❞❡ s❡r r❡❡s❝r✐t❛ ❞❛ ❢♦r♠❛✿
y − ȳ = a(x− x̄) ✭✷✳✷✹✮
❖♥❞❡ x̄ ❡ ȳ sã♦ ♦s ✈❛❧♦r❡s ♠é❞✐♦s ❞❡ x ❡ y ♥❛ ❛♠♦str❛✳ ❖ ❝♦❡✜❝✐❡♥t❡ a ♥❛ ❡q✉❛çã♦ ✷✳✷✹ é






























































❉❡ ✷✳✷✹ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r q✉❡ ❛ r❡t❛ ♣❛ss❛ ♣❡❧♦ ♣♦♥t♦ x̄, ȳ✳ ❈♦♠♦ x é ✉♠❛ ✈❛r✐á✈❡❧ ♦r❞✐♥ár✐❛✱





































xi(yi − b− axi) = 0 ✭✷✳✸✵✮
❖♥❞❡ s❡ s♦♠❛ ❞❡ i ❞❡ ✶ ❛ n✳ ❉✐✈✐❞❡✲s❡ ♣♦r ✷✱ ❡s❝r❡✈❡✲s❡ ❝❛❞❛ ❧❛❞♦ ❞❛s ❞✉❛s s♦♠❛s ❝♦♠♦ três












































❊st❡ s✐st❡♠❛ t❡♠ s♦❧✉çã♦ ú♥✐❝❛ ❞❡s❞❡ q✉❡ s❡❥❛♠ ❛t❡♥❞✐❞❛s ❛s ❝♦♥❞✐çõ❡s ♥❡❝❡ssár✐❛s✳ ❉✐✈✐❞✐♥❞♦✲
s❡ ❛ ❡q✉❛çã♦ ✷✳✸✸ ♣♦r n ❡ ✉s❛♥❞♦ ❛s ♠é❞✐❛s✱ t❡♠✲s❡ b = ȳ − ax̄✳ P❛r❛ s❡ ♦❜t❡r a✱ r❡s♦❧✈❡✲s❡ ✷✳✸✸












✷✳✻✳✶ ❘❡❣r❡ssã♦ ▲✐♥❡❛r ♣❛r❛ ❋P●❆s
❆ s♦❧✉çã♦ ❞❡ ✉♠❛ r❡❣r❡ssã♦ ♣❡❧♦ ♠ét♦❞♦ ❞♦s ▼í♥✐♠♦s ◗✉❛❞r❛❞♦s ❡①✐❣❡ ✉♠❛ ❝❡rt❛ q✉❛♥t✐❞❛❞❡ ❞❡
❝á❧❝✉❧♦s ❝♦♠♣✉t❛❝✐♦♥❛❧♠❡♥t❡ ❝✉st♦s♦s✱ ❝♦♠♦ ♠✉❧t✐♣❧✐❝❛çõ❡s ❡ ❞✐✈✐sõ❡s✳ ◗✉❛♥❞♦ s❡ ❞❡s❡❥❛ ♦❝✉♣❛r
♣♦✉❝♦s ❡❧❡♠❡♥t♦s ❡♠ ✉♠❛ ❋P●❆ ❡ r❡❞✉③✐r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♦♣❡r❛çõ❡s✱ ❛❧❣✉♠❛s s✐♠♣❧✐✜❝❛çõ❡s
♣♦❞❡♠ s❡r ❢❡✐t❛s✳ ■st♦ ♠♦str❛❞♦ ♥❡st❛ s❡çã♦✳
❉❡ ❛❝♦r❞♦ ❝♦♠ ❬✸✻❪✱ ♦ ♣r✐♠❡✐r♦ ♣❛ss♦ é ❞❡✜♥✐r q✉❡ ♦s ✈❛❧♦r❡s ❡♠ x sã♦ ✐♥t❡✐r♦s ❡ ❝♦♠❡ç❛♥❞♦






(yi − b− ai)
2 ✭✷✳✸✺✮























































































































































❈♦♠♦ ✈✐st♦ ♥❛s ❡q✉❛çõ❡s ✷✳✹✶ ❡ ✷✳✹✶✱ ❛♠❜♦s ♦s ❝♦❡✜❝✐❡♥t❡s ❞❡♣❡♥❞❡♠ ❞❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣♦♥t♦s
✉t✐❧✐③❛❞♦s✳ ❙ã♦ ♥❡❝❡ssár✐❛s ♠✉✐t♦s s♦♠❛tór✐♦s ❝♦♠ ♠✉❧t✐♣❧✐❝❛çõ❡s ❡ ❞✉❛s ❞✐✈✐sõ❡s✳
❙❡ ❡st❛ q✉❛♥t✐❞❛❞❡ ❢♦r ❧✐♠✐t❛❞❛ ♣❛r❛ ✉♠ ✈❛❧♦r ❝♦♥st❛♥t❡ N ✱ ♦❜té♠✲s❡ ❡q✉❛çõ❡s ♠✉✐t♦ ♠❛✐s
s✐♠♣❧✐✜❝❛❞❛s✱ ♣♦✐s ♦s s♦♠❛tór✐♦s q✉❡ ♥ã♦ ❞❡♣❡♥❞❡♠ ❞❡ x ♦✉ y ♣❛ss❛♠ ❛ t❡r ✈❛❧♦r❡s ❝♦♥st❛♥t❡s✳

























❖s ❝♦❡✜❝✐❡♥t❡s ♣♦❞❡♠ s❡r ❡♥tã♦ ❡♥❝♦♥tr❛❞♦s ❛♣❡♥❛s ♠✉❧t✐♣❧✐❝❛♥❞♦✲s❡ ❝♦♥st❛♥t❡s ♣♦r s♦♠❛tór✐♦s



































































❖ tr❛❜❛❧❤♦ ❝♦♥s✐st✐✉ ❜❛s✐❝❛♠❡♥t❡ ❡♠ ❞✉❛s ❡t❛♣❛s✳ ◆❛ ♣r✐♠❡✐r❛ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ✉♠ ❛❧❣♦r✐t♠♦
❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❡♠ ✉♠ ❝♦♠♣✉t❛❞♦r ❝♦♠ s♦❢t✇❛r❡ ❞❡ ❛❧t♦ ♥í✈❡❧ ❞❡ ❛❜str❛çã♦✱ ♦ ▼❛t❧❛❜✱ ❡ ♥❛
s❡❣✉♥❞❛ ❢♦✐ ❢❡✐t❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ♣❛r❛ ❤❛r❞✇❛r❡ ❞♦ ♠❡s♠♦ ❛❧❣♦r✐t♠♦ ❝♦♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ ✉t✐❧✐③❛r
✉♠ ❋P●❆✳
■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ❛❧❣♦r✐t♠♦ ❡♠ ▼❛t❧❛❜ ❢♦✐ ❝r✐❛❞♦ ♣❛r❛ ❢❛③❡r ❛s ♠❡❞✐❞❛s ♥❡❝❡ssár✐❛s ❡♠ ❛♣❡♥❛s
✉♠❛ ✐♠❛❣❡♠✱ ❛té q✉❡ s❡ ♣❡r❝❡❜❡✉ q✉❡ s❡r✐❛ ♥❡❝❡ssár✐♦ ✉s❛r ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s✳ ❉❡♣♦✐s ♣❛ss❛r❛♠ ❛
s❡r ♣r♦❝❡ss❛❞♦s ❣r❛♥❞❡s ❣r✉♣♦s ❞❡ ✐♠❛❣❡♥s ❛r♠❛③❡♥❛❞❛s✳
❖ s✐st❡♠❛ ❡♠ ❋P●❆✱ ❡s❝r✐t♦ ❡♠ ❱❍❉▲✱ ❢♦✐ ❝♦♥❝❡❜✐❞♦ ♣❛r❛ ♣r♦❝❡ss❛r ✐♠❛❣❡♥s à ♠❡❞✐❞❛ q✉❡ sã♦
❝❛♣t✉r❛❞❛s✱ ❡♠ t❡♠♣♦ r❡❛❧✳ ❆s ú❧t✐♠❛s ❡t❛♣❛s ❞♦ ❛❧❣♦r✐t♠♦ ♥ã♦ ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞❛s ♥♦ s✐st❡♠❛
❡♠ ❤❛r❞✇❛r❡ ❝♦♠♦ s❡ ❞❡s❡❥❛✈❛✳
■♥❢❡❧✐③♠❡♥t❡ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ♦❜t❡r ❞❛❞♦s r❡❛✐s ❝♦♠ ❛ ❝â♠❡r❛✱ ♣♦✐s ♥ã♦ ❤❛✈✐❛ ✉♠❛ ✐♥t❡r❢❛❝❡
❢ís✐❝❛ ❡♥tr❡ ♦ ❝❛❜♦ ❞❡ ❝♦♠✉♥✐❝❛çã♦ ❞❛ ❝â♠❡r❛ ❡ ♦ ❋P●❆✳ P♦r ❡ss❡ ♠♦t✐✈♦ ❢♦✐ ✉t✐❧✐③❛❞❛ ❛ ♠❡♠ór✐❛
❞❛ ♣❧❛❝❛ ♣❛r❛ ❢♦r♥❡❝❡r ❞❛❞♦s ❛♦ ♣r♦❝❡ss❛❞♦r ❞❡ ✐♠❛❣❡♥s ❞❡s❡♥✈♦❧✈✐❞♦✳
✸✳✷ ❆rq✉✐t❡t✉r❛ ❣❡r❛❧
❖ s✐st❡♠❛ ❞❡✈❡rá ❢❛③❡r ♣❛rt❡ ❞❡ ✉♠ ❝♦♥tr♦❧❛❞♦r ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛✱ q✉❡ s❡ ❡s♣❡r❛ q✉❡ s❡❥❛
s✉♣❡r✐♦r ❛♦ ❝♦♥tr♦❧❡ ❞❡ ♠❛❧❤❛ ❛❜❡rt❛ ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦ ❡♠ s✐st❡♠❛s s♦❧❞❛s ❛✉t♦♠❛t✐③❛❞❛s✳
❖✉ s❡❥❛✱ ♦ s✐♥❛❧ ❞❡ ❡♥tr❛❞❛ ❞❡✈❡ s❡r ♦ r❡s✉❧t❛❞♦ ❞❛ s♦♠❛ ❞♦ s✐♥❛❧ ❞❡ r❡❢❡rê♥❝✐❛✱ q✉❡ s❡rá ♦ tr❛❥❡t♦
❞❡✜♥✐❞♦ ♥❛ ♣r♦❣r❛♠❛çã♦ ❞❡ ✉♠ r♦❜ô✱ ❡ ❞♦ s✐♥❛❧ ❞❡ ❝♦♥tr♦❧❡✱ q✉❡ s❡rá ❝❛❧❝✉❧❛❞♦ ♣♦r ✉♠ ❝♦♠♣✉t❛❞♦r✳
P❛r❛ q✉❡ ♦ s✐st❡♠❛ s❡❥❛ r❡❛❧✐♠❡♥t❛❞♦ é ♥❡❝❡ssár✐♦ ♦❜t❡r ♠❡❞✐❞❛s ❞❛ s❛í❞❛ ❞♦ s✐st❡♠❛ ❡✱ s❡
♣♦ssí✈❡❧✱ ♦✉tr♦s ❡st❛❞♦s✳ ❖ ❡st❛❞♦ ❞❡ s❛í❞❛ ♥♦ ❝❛s♦ s❡rá ♦❜t✐❞♦ ❛tr❛✈és ❞❡ ✉♠ ❛❧❣♦r✐t♠♦ q✉❡ ✐rá
♣r♦❝❡ss❛r ❢♦t♦s ❞♦ ♣r♦❝❡ss♦ ❡ r❡t♦r♥❛r ✈❛❧♦r❡s ♥✉♠ér✐❝♦s r❡❧❡✈❛♥t❡s à ♦♣❡r❛çã♦✳ ❊st❛ ❡t❛♣❛ é ❢❡✐t❛
❝♦♠ ♦ ✉s♦ ❞❡ ✉♠❛ ❝â♠❡r❛ ❞❡ ❛❧t❛ t❛①❛ ❞❡ ❝❛♣t✉r❛ ❞❡ ✐♠❛❣❡♥s✱ ❝❛♣❛③ ❞❡ ❢♦t♦❣r❛❢❛r ♦ ❛r❛♠❡ ❡ ❛
♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠ ♥♦ ✐♥st❛♥t❡ ❡♠ q✉❡ ❤á ✉♠ ❝✉rt♦ ❝✐r❝✉✐t♦✳ ❖ ❛❧❣♦r✐t♠♦ ♣r♦❝❡ss❛ ❛s ✐♠❛❣❡♥s ❡
✸✼
♦❜té♠ ✈❛❧♦r❡s ♥✉♠ér✐❝♦s ❞❡ t❛♠❛♥❤♦ ❞❛ ♣♦ç❛✱ ❞❡s✈✐♦ ❡ ✐♥❝❧✐♥❛çã♦ ❞♦ ❛r❛♠❡✳
✸✽
✸✳✸ ■♠♣❧❡♠❡♥t❛çã♦ ❡♠ ▼❛t❧❛❜
❖ ♣r✐♠❡✐r♦ ❛❧❣♦r✐t♠♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ♣❛r❛ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞❡ ❢♦r♠❛ s❡q✉❡♥❝✐❛❧✱ ♣♦✐s s❡r✐❛ ✐♠♣❧❡✲
♠❡♥t❛❞♦ ❝♦♠ ♦ s♦❢t✇❛r❡ ▼❛t❧❛❜✳ ❆ s❡q✉ê♥❝✐❛ ❞❡ ♦♣❡r❛çõ❡s ❢♦✐ ❞❡✜♥✐❞❛ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ❞❡s❝r✐çã♦
❛❜❛✐①♦✳ ❆s ❞❡s❝r✐çõ❡s ❡♥tr❡ ♣❛rê♥t❡s❡s ✐♥❞✐❝❛♠ ♦s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ❡♠ t❡st❡s q✉❡ ♦❜t✐✈❡r❛♠
❜♦♥s r❡s✉❧t❛❞♦s✳
✸✳✸✳✶ ❆❧❣♦r✐t♠♦ ❇❛s❡
❖ ❞✐❛❣r❛♠❛ ❞❛ ✜❣✉r❛ ✸✳✶ ❞❡♠♦♥str❛ ❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♥str✉çõ❡s ❝r✐❛❞❛s ♥♦ ▼❛t❧❛❜ ♣❛r❛ ♣r♦❝❡ss❛r
❛s ✐♠❛❣❡♥s✿
❋✐❣✉r❛ ✸✳✶✿ ❉✐❛❣r❛♠❛ ❞♦ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛❞♦
✸✾
❆ s❡q✉ê♥❝✐❛ ❞❡ ♣❛ss♦s ♣♦❞❡ s❡r ❧✐❞❛ ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s ❛❜❛✐①♦✿
✶✳ ▲✐♠♣❛r ♠❡♠ór✐❛ ❡ ❢❡❝❤❛r ✜❣✉r❛s
✷✳ ❙❡❧❡❝✐♦♥❛r ✐♠❛❣❡♥s ❞❡ ❝✉rt♦ ❝✐r❝✉✐t♦ ✭❜r✐❧❤♦▼❛①✐♠♦❂✸✵✪✮
✸✳ ❈❛rr❡❣❛r q✉❛♥t✐❞❛❞❡■♠❛❣❡♥s ✐♠❛❣❡♥s ✭q✉❛♥t✐❞❛❞❡■♠❛❣❡♥s❂✸✮
✹✳ ❈r✐❛r ✐♠❛❣❡♠ ♠é❞✐❛ ❞❛s ✐♠❛❣❡♥s ❝❛rr❡❣❛❞❛s ✲❃ ■
✺✳ ❘❡t✐r❛r ♣✐①❡❧s ❛❜❛✐①♦ ❞❡ t❤r❡s❤♦❧❞✶ ♣❛r❛ r❡t✐r❛r s❝❛♥❧✐♥❡s ✭t❤r❡s❤♦❧❞✶ ❂ ✶✵✮
✻✳ ❋✐❧tr♦ ❞❡ ♠❡❞✐❛♥❛ ❡♠ ■ ♣❛r❛ r❡t✐r❛r r✉í❞♦ ✲❃ ■✷
✼✳ ❘❡t✐r❛r ♣✐①❡❧s ❛❜❛✐①♦ ❞❡ t❤r❡s❤♦❧❞✷ ❞❡ ■✷ ✲❃ ❇ ✭t❤r❡s❤♦❧❞✷ ❂ ✹✵✮
✽✳ ❊♥❝♦♥tr❛r t♦♣♦ ❡ ❜❛s❡ ❞♦ ❛r❛♠❡
❈r✐❛r ✈❡t♦r ❞❡ s♦♠❛ ❞♦ ♣❡r✜❧ ❤♦r✐③♦♥t❛❧ ❞❡ ❇ ✲❃ s♦♠❛❍♦r
❈r✐❛r ✈❡t♦r ❞❡ ❞❡r✐✈❛❞❛s ❞❡ s♦♠❛❍♦r ✲❃ ❞❡r✐✈❛❞❛❍♦r
❊♥❝♦♥tr❛r t♦♣♦ ❞♦ ❛r❛♠❡
❱❛❧♦r ♠á①✐♠♦ ❞❡ ❞❡r✐✈❛❞❛❍♦r ❡♥tr❡ ♦ t♦♣♦ ❞❛ ✐♠❛❣❡♠ ❡ ♦ ♣r♦✈á✈❡❧ ♠❡✐♦ ❞♦ ❛r❛♠❡
✭♠❡✐♦❱❡rt ❂ ✶✷✺✮ ✲❃ ♣♦s❆r❛♠❡❚♦♣♦
❊♥❝♦♥tr❛r ❜❛s❡ ❞♦ ❛r❛♠❡
❱❛❧♦r ♠í♥✐♠♦ ❞❡ ❞❡r✐✈❛❞❛❍♦r ❡♥tr❡ ♦ ♠❡✐♦ ❞♦ ❛r❛♠❡ ❡ ♦ ✜♠ ❞❛ ✐♠❛❣❡♠ ✲ ♣♦s❆r❛♠❡✲
❇❛s❡
✾✳ ❊♥❝♦♥tr❛r ❜♦r❞❛ ❡sq✉❡r❞❛ ❡ ❞✐r❡✐t❛ ❞❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠
❈r✐❛r ✈❡t♦r ❞❡ s♦♠❛ ❞♦ ♣❡r✜❧ ✈❡rt✐❝❛❧ ❞❡ ❇ ✲❃ s♦♠❛❱❡rt
❈r✐❛r ✈❡t♦r ❞❡ ❞❡r✐✈❛❞❛s ❞❡ s♦♠❛❱❡rt ✲❃ ❞❡r✐✈❛❞❛❱❡rt
❊♥❝♦♥tr❛r ❜♦r❞❛ ❡sq✉❡r❞❛ ❞❛ ♣♦ç❛
❱❛❧♦r ♠á①✐♠♦ ❞❡ ❞❡r✐✈❛❞❛❱❡rt ❡♥tr❡ ♦ ❝♦♠❡ç♦ ❡ ♦ ♠❡✐♦ ❞❛ ✐♠❛❣❡♠ ✲❃ ❧✐♠❊sqP♦❝❛
❊♥❝♦♥tr❛r ❜♦r❞❛ ❞✐r❡✐t❛ ❞❛ ♣♦ç❛
❱❛❧♦r ♠í♥✐♠♦ ❞❡ ❞❡r✐✈❛❞❛❱❡rt ❡♥tr❡ ♦ ♠❡✐♦ ❡ ♦ ✜♥❛❧ ❞❛ ✐♠❛❣❡♠ ✲❃ ❧✐♠❉✐rP♦❝❛
✶✵✳ ❊♥❝♦♥tr❛r ❧❛t❡r❛✐s ❞♦ ❛r❛♠❡
❈r✐❛r ✈❡t♦r ❞❡ ❞❡r✐✈❛❞❛s ❞❡ ❇ ♥❛ ❤♦r✐③♦♥t❛❧ ❡♥tr❡ t♦♣♦ ❡ ❜❛s❡ ❞♦ ❛r❛♠❡ ✲❃
❞❡r✐✈❛❞❛❆r❛♠❡
❱❛❧♦r❡s ♠í♥✐♠♦s ❞❡ ❞❡r✐✈❛❞❛❆r❛♠❡ ✲❃ ✈❡t♦r ✐♥✐❝✐♦❆r❛♠❡
❱❛❧♦r❡s ♠á①✐♠♦s ❞❡ ❞❡r✐✈❛❞❛❆r❛♠❡ ✲❃ ✈❡t♦r ✜♠❆r❛♠❡
▲✐♥❡❛r✐③❛r ✐♥✐❝✐♦❆r❛♠❡ ❡ ✜♠❆r❛♠❡
✹✵
❊ss❡s ♣❛ss♦s ❝♦♠ ♦s ✈❛❧♦r❡s ♣❛r❛ ♦s ♣❛râ♠❡tr♦s ❞❡✜♥✐❞♦s ❛❝✐♠❛ ♦❜t✐✈❡r❛♠ ❜♦♥s r❡s✉❧t❛❞♦s ♣❛r❛
✉♠❛ ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ ✐♠❛❣❡♥s ✭❛♥t✐❣❛s✮✳ ❖ ❛❧❣♦r✐t♠♦ ❞❡♠♦♥str♦✉ ❝❡rt❛ r♦❜✉st❡③ ❛ r✉í❞♦s✱
♣♦ré♠ q✉❛♥❞♦ ❛ ✐♠❛❣❡♠ ❢♦❣❡ ♠✉✐t♦ ❛♦ ♣❛❞rã♦ ❡s♣❡r❛❞♦✱ ♦ ❛❧❣♦r✐t♠♦ ❢♦r♥❡❝❡ ✈❛❧♦r❡s ❡q✉✐✈♦❝❛❞♦s✳
❯♠ ❡①❡♠♣❧♦ é q✉❛♥❞♦ ❤á ✉♠❛ ❣r❛♥❞❡ ❣♦t❛ ❞❡ s♦❧❞❛ ❢♦r❛ ❞❛ ár❡❛ ❞❛ ♣♦ç❛✳
✸✳✸✳✷ ❙❡❧❡çã♦ ❞❡ ✐♠❛❣❡♥s
❊st❛ ♣r✐♠❡✐r❛ ❡t❛♣❛ é ❜❛st❛♥t❡ s✐♠♣❧❡s✱ ♣♦✐s ❜❛st❛ s♦♠❛r ♦s ✈❛❧♦r❡s ❞❡ ✐♥t❡♥s✐❞❛❞❡ ❞♦s ♣✐①❡❧s
❡ ❝♦♠♣❛rá✲❧♦s ❝♦♠ ✉♠ ✈❛❧♦r ♥✉♠ér✐❝♦ ♣ré ❞❡✜♥✐❞♦✳ ◆♦ ▼❛t❧❛❜✱ ✐st♦ é ❢❡✐t♦ ❝♦♠ ✉♠❛ s♦♠❛ ❞❛
♠❛tr✐③ ❞❡ ✐♠❛❣❡♠ ❝❛rr❡❣❛❞❛ q✉❡ é ❡♥tã♦ ❝♦♠♣❛r❛❞❛ ❝♦♠ ❛ ✈❛r✐á✈❡❧ brilhoMaximo✳ ❊ss❛ ✈❛r✐á✈❡❧
t❡✈❡ ✐♥✐❝✐❛❧♠❡♥t❡ s❡✉ ✈❛❧♦r ❞❡✜♥✐❞♦ ❝♦♠♦ ✸✵✪ ❞♦ ♠á①✐♠♦ ♣♦ssí✈❡❧ ♣❛r❛ ✉♠❛ ✐♠❛❣❡♠✳ ◆♦ ❝❛s♦ ❞❡
✉♠❛ ✐♠❛❣❡♠ ❞❡ ❞✐♠❡♥sõ❡s ✷✾✻①✷✻✹✱ ❡ss❡ ✈❛❧♦r é brilhoMaximo = 3985344✳
✭❛✮ ✷✹✷✵ ✭❜✮ ✷✹✷✶ ✭❝✮ ✷✹✷✷ ✭❞✮ ✷✹✷✸ ✭❡✮ ✷✹✷✹
✭❢✮ ✷✹✷✺ ✭❣✮ ✷✹✷✻ ✭❤✮ ✷✹✷✼ ✭✐✮ ✷✹✷✽ ✭❥✮ ✷✹✷✾
✭❦✮ ✷✹✸✵ ✭❧✮ ✷✹✸✶ ✭♠✮ ✷✹✸✷ ✭♥✮ ✷✹✸✸ ✭♦✮ ✷✹✸✹
✭♣✮ ✷✹✸✺ ✭q✮ ✷✹✸✻ ✭r✮ ✷✹✸✼ ✭s✮ ✷✹✸✽ ✭t✮ ✷✹✸✾
❋✐❣✉r❛ ✸✳✷✿ ■♠❛❣❡♥s ✷✹✷✵ ❛ ✷✹✹✵✳
P❛r❛ ♦ t❡st❡ ❞❡st❛ ❡t❛♣❛ sã♦ ✉t✐❧✐③❛❞❛s ❛s ✐♠❛❣❡♥s ❞❡ ♥ú♠❡r♦ ✷✹✷✵ ❛ ✷✹✸✾ ❞❡ ✉♠❛ ✜❧♠❛❣❡♠
♥ã♦ s✐♥❝r♦♥✐③❛❞❛ ❞♦ ♣r♦❝❡ss♦ ●▼❆❲ ❝♦♠ tr❛♥s❢❡rê♥❝✐❛ ♠❡tá❧✐❝❛ ♣♦r ❝✉rt♦✲❝✐r❝✉✐t♦ ❛ ✉♠❛ t❛①❛ ❞❡




❋✐❣✉r❛ ✸✳✸✿ ✭❛✮ ■♠❛❣❡♥s s❡❧❡❝✐♦♥❛❞❛s ❝♦♠ ❢❛t♦r ❞❡ ✸✵✪✳ ✭❜✮ ■♠❛❣❡♥s s❡❧❡❝✐♦♥❛❞❛s ❝♦♠ ❢❛t♦r ❞❡
✷✵✪✳
q✉❛✐s ✐♠❛❣❡♥s ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞❛s ♣❛r❛ s❡ ❢❛③❡r ♦ ♣r♦❝❡ss❛♠❡♥t♦✳ ❈♦♠♦ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r✱ ✈❛❧♦r ❞❡
✷✵✪ t❡✈❡ ♠❡❧❤♦r s❡❧❡t✐✈✐❞❛❞❡ ♥❡st❛ ❝♦❧❡çã♦✳
❆s ✜❣✉r❛s ✸✳✷ ❡ ✸✳✸ ❞❡♠♦♥str❛♠ q✉❡ ♦ ❛❧❣♦r✐t♠♦ s❡❧❡❝✐♦♥❛ q✉❛s❡ t♦❞❛s ❛s ✐♠❛❣❡♥s ❞❛ sér✐❡
q✉❛♥❞♦ ♦ ❢❛t♦r ❞❡ ❜r✐❧❤♦ é ✸✵✪ ❡ s❡❧❡❝✐♦♥❛ ❛♣❡♥❛s ❛s q✉❡ r❡❛❧♠❡♥t❡ s❡ ❛♣r♦①✐♠❛♠ ❞❡ ✉♠ ❝✉rt♦✲
❝✐r❝✉✐t♦ ❝♦♠ ✉♠ ❢❛t♦r ❞❡ ❜r✐❧❤♦ ❞❡ ✷✵✪✳ ❊ss❡ ✈❛❧♦r ❞❡✈❡ s❡r ❝❛❧✐❜r❛❞♦ q✉❛♥❞♦ s❡ ♠✉❞❛ ♦ s❡t✉♣ ❞♦
♣r♦❝❡ss♦✳
❆♣ós ❛ s❡❧❡çã♦✱ ❛s ✐♠❛❣❡♥s ❜♦❛s sã♦ ❛r♠❛③❡♥❛❞❛s ❡♠ ✉♠ ❜✉✛❡r ♣❛r❛ q✉❡ s❡ s✐❣❛ ♦ ♣r♦❝❡s✲
s❛♠❡♥t♦✳ ◆❡st❛ ❡t❛♣❛ t❛♠❜é♠ ♦s ✈❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s sã♦ r❡♣❡t✐❞♦s q✉❛♥❞♦ ❛ ✐♠❛❣❡♠ ♥ã♦ é s❡❧❡✲
❝✐♦♥❛❞❛✳ ❖✉ s❡❥❛ ❡♥q✉❛♥t♦ ♥ã♦ s✉r❣✐r❡♠ ✐♠❛❣❡♥s ♣r♦♣í❝✐❛s ❛♦ ♣r♦❝❡ss❛♠❡♥t♦✱ ❛s ♠❡❞✐❞❛s ❞❡s❡❥❛❞❛s
♣❡r♠❛♥❡❝❡♠ ❝♦♠ s❡✉ ✈❛❧♦r ❛♥t❡r✐♦r✳
✸✳✸✳✸ ❋✐❧tr♦s
❆ ❡s❝♦❧❤❛ ❞♦s ✜❧tr♦s ✉t✐❧✐③❛❞♦s ❢♦✐ ❜❛s❡❛❞❛ ♥❛s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ♣r♦❝❡ss♦ ❡ ❞❛s ♣ró♣r✐❛s ✐♠❛✲
❣❡♥s✱ ❥á ❝♦♥❤❡❝✐❞❛s✳ ❆❜❛✐①♦ s❡❣✉❡ ❛ s❡q✉ê♥❝✐❛ ❞❡ ✜❧tr♦ ✉t✐❧✐③❛❞♦s✳
✶✳ ▼é❞✐❛ ❞❡ ✐♠❛❣❡♥s
❆ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s ♥ã♦ é ✉♠ ✜❧tr♦ ♠✉✐t♦ ❝♦♠✉♠❡♥t❡ ✉t✐❧✐③❛❞♦✱ ♠❛s s❡ ♣r♦✈♦✉ út✐❧ ♥❡st❡
tr❛❜❛❧❤♦✳ ❖❜s❡r✈♦✉✲s❡ ❡♠ ✈ár✐❛s ✐♠❛❣❡♥s ♦❜❥❡t♦s ❜r✐❧❤♦s♦s q✉❡ ❛♣❛r❡❝❡♠ ❛❧❡❛t♦r✐❛♠❡♥t❡✱
♣r♦✈❛✈❡❧♠❡♥t❡ r❡s♣✐♥❣♦s ❞❡ s♦❧❞❛ ❡ ❢❛❣✉❧❤❛s✳ ❙ã♦ r✉í❞♦s ♠✉✐t♦ ❣r❛♥❞❡s ♣❛r❛ s❡r❡♠ r❡t✐r❛❞♦s
❝♦♠ ✜❧tr♦s ❞❡ ❥❛♥❡❧❛✳ ❖ ✐♥t❡r❡ss❛♥t❡ é q✉❡ ❡st❡s ♦❜❥❡t♦s ♥ã♦ ❝♦st✉♠❛♠ ❡st❛r ♣r❡s❡♥t❡s ❡♠
♠❛✐s ❞❡ ✉♠❛ ✐♠❛❣❡♠✳ ❆s ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ♣r♦❝❡ss♦ ❢❛✈♦r❡❝❡♠ ♦ ✉s♦ ❞❛ ♠é❞✐❛✱ ♣♦✐s ❛s
✐♠❛❣❡♥s ❛s ❢♦r♠❛s ❛ s❡r❡♠ ✐❞❡♥t✐✜❝❛❞❛s ♠✉❞❛♠ ♣♦✉❝♦ ❞❡ ❢r❛♠❡ ❛ ❢r❛♠❡✳
❆ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s r❡❞✉③ ❜❛st❛♥t❡ ❡st❡ ❡❢❡✐t♦ ❡ q✉❛♥t♦ ♠❛✐♦r ♦ ♥ú♠❡r♦ ❞❡ ✐♠❛❣❡♥s ✉t✐❧✐③❛❞❛s✱
♠❡♥♦r ♦ ❡❢❡✐t♦ ❞❡ ❞❡st❡ t✐♣♦ ❞❡ r✉í❞♦✳ ❊♠ ❝♦♥tr❛♣❛rt✐❞❛✱ ♦ ✉s♦ ❞❡ ♠✉✐t❛s ✐♠❛❣❡♥s ♣♦❞❡
♣r♦♣❛❣❛r ♦ r✉í❞♦ ❞✉r❛♥t❡ ♠✉✐t❛s ❧❡✐t✉r❛s✱ ♦ q✉❡ ❝♦♠♣r♦♠❡t❡r✐❛ ❛ ❡✜❝á❝✐❛ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦
✹✷
❞❡ s✐♥❛✐s ♠❛✐s t❛r❞❡✳ P♦rt❛♥t♦✱ ❞❡✈❡✲s❡ ❡s❝♦❧❤❡r ✉♠❛ q✉❛♥t✐❞❛❞❡ r❛③♦á✈❡❧ ❞❡ ✐♠❛❣❡♥s ❛
s❡r❡♠ ✉t✐❧✐③❛❞❛s ♥❛ ♠é❞✐❛✳ ❉✉r❛♥t❡ ❛s s✐♠✉❧❛çõ❡s ♦❜s❡r✈♦✉✲s❡ q✉❡ três ❛ ❝✐♥❝♦ ✐♠❛❣❡♥s sã♦
♦ s✉✜❝✐❡♥t❡ ♣❛r❛ ❛t❡♥✉❛r ❝♦♥s✐❞❡r❛✈❡❧♠❡♥t❡ ❡st❡s r✉í❞♦s✳
✭❛✮
✭❜✮
❋✐❣✉r❛ ✸✳✹✿ ▼é❞✐❛ ❞❡ três ✐♠❛❣❡♥s ✭❛✮✳ ▼é❞✐❛ ❞❡ ❝✐♥❝♦ ✐♠❛❣❡♥s✭❜✮
✷✳ ❇✐♥❛r✐③❛çã♦
❊st❛ ❜✐♥❛r✐③❛çã♦ r❡t✐r❛ ❛s s❝❛♥❧✐♥❡s ✈❡rt✐❝❛✐s q✉❡ ❡stã♦ ♣r❡s❡♥t❡s ❡♠ t♦❞❛s ❛s ✐♠❛❣❡♥s✳ ❊ss❛s
s❝❛♥❧✐♥❡s sã♦ ❢r✉t♦ ❞♦ r✉í❞♦ ❞❡ ❢✉♥❞♦ ❞❛ ❝â♠❡r❛ ❈▼❖❙ ❡ só s❡ ♦❜s❡r✈❛♠ ❡♠ r❡❣✐õ❡s ♦♥❞❡
❛ ❧✉♠✐♥♦s✐❞❛❞❡ é ♠í♥✐♠❛✱ ♦✉ s❡❥❛ ✵✴✷✺✺✳ ◆❛ ✜❣✉r❛ ✸✳✺ ♣♦❞❡✲s❡ ✈❡r q✉❡ ❡❧❛s ♥ã♦ ❝♦♥t✐♥✉❛♠
s♦❜r❡ r❡❣✐õ❡s ♠❛✐s ❜r✐❧❤♦s❛s✳ ❆s s❝❛♥❧✐♥❡s sã♦ ♣♦✉❝♦ ♠❛✐s ❝❧❛r❛s q✉❡ ♦ ♣r❡t♦ t♦t❛❧ ✭❣❡r❛❧♠❡♥t❡
♠❡♥♦r q✉❡ ✻✴✷✺✺✮✱ ♣♦rt❛♥t♦ é ✉t✐❧✐③❛❞♦ ✉♠ ✜❧tr♦ ❞❡ ❜✐♥❛r✐③❛çã♦ s✐♠♣❧❡s✳ ◗✉❛s❡ ♥❡♥❤✉♠❛
✐♥❢♦r♠❛çã♦ út✐❧ é ♣❡r❞✐❞❛ ♥❡st❡ ♣❛ss♦✳ P♦✐s ❛ ♠❛✐♦r ♣❛rt❡ ❞❛s ✐♥❢♦r♠❛çõ❡s út❡✐s ❡stã♦ ❝♦♥t✐❞❛s
❡♠ ♣✐①❡❧s ❝♦♠ ❜r✐❧❤♦ ♠é❞✐♦ ❛ ❛❧t♦ ✭❛❝✐♠❛ ❞❡ ✹✵✴✷✺✺✮✳
✻ ✺ ✸ ✵ ✻ ✺ ✸ ✵
✻ ✺ ✸ ✵ ✻ ✺ ✸ ✵
✼ ✺ ✸ ✵ ✻ ✺ ✸ ✵
✼ ✶✶ ✺ ✷ ✻ ✾ ✸ ✺
✷✵ ✷✺ ✷✶ ✶✸ ✶✸ ✷✺ ✷✸ ✸✵
✺✸ ✺✵ ✸✽ ✸✻ ✹✷ ✹✶ ✸✺ ✹✼
✻✺ ✻✻ ✺✼ ✻✻ ✻✵ ✻✸ ✻✸ ✻✾
✼✽ ✼✵ ✼✺ ✻✻ ✼✶ ✼✺ ✻✺ ✼✾
❋✐❣✉r❛ ✸✳✺✿ ❉❡t❛❧❤❡ ❞❡ ✐♠❛❣❡♠ ❡ ✈❛❧♦r❡s ♥✉♠ér✐❝♦s ❞♦s ♣✐①❡❧s
❆ ✜❣✉r❛ ✸✳✺ ❞❡♠♦♥str❛ ✉♠ ♣❡❞❛ç♦ ❞❛ ✐♠❛❣❡♠ ♦♥❞❡ s❡ ♣♦❞❡♠ ✈❡r ❛s s❝❛♥❧✐♥❡s ❡ ❝♦♠♦ ❛ ♣❛rt❡
♠❛✐s ❜r✐❧❤♦s❛ ♥ã♦ s♦❢r❡ ❡st❡ ❡❢❡✐t♦✳ ❆♦ ❧❛❞♦ ♦s ✈❛❧♦r❡s ♥✉♠ér✐❝♦s sã♦ ♠♦str❛❞♦s✳ ❈♦♥❝❧✉✐✉✲s❡




❊st❡ ✜❧tr♦ é ❞❡ ❣❛✉ss✐❛♥❛ ❝♦♠ ❥❛♥❡❧❛ ✸①✸ ♣❛r❛ t✐r❛r ♣❡q✉❡♥♦s r✉í❞♦s✳ ❚❛♠❜é♠ ❝♦♥tr✐❜✉✐ ♣❛r❛
s✉❛✈✐③❛r ❛s ❜♦r❞❛s ❛♥t❡s ❞♦ ♣ró①✐♠♦ ✜❧tr♦✳
✹✳ ❇✐♥❛r✐③❛çã♦
❖ s❡❣✉♥❞♦ ✜❧tr♦ ❞❡ ❜✐♥❛r✐③❛çã♦ t❡♠ ♦ ♦❜❥❡t✐✈♦ ❞❡ r❡t✐r❛r ♠❛✐s r✉í❞♦s ❡ ❛❝❡♥t✉❛r ❛s ❜♦r❞❛s ❞❛
✐♠❛❣❡♠✳ ❯s❛❞♦ ❞❡♣♦✐s ❞♦ ✜❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛ t❡♠✲s❡ ❛ ✐♠♣r❡ssã♦ ❞❡ ❜♦r❞❛s ♠❛✐s ❞❡✜♥✐❞❛s✳
P♦r ❡①❡♠♣❧♦✱ ♦ ♣❡r✜❧ ✜❝❛ ♠❛✐s r❡t♦ ♦♥❞❡ ❞❡✈❡r✐❛ ❤❛✈❡r ✉♠❛ r❡t❛✳ ❆♠❜♦s ♦s ✜❧tr♦s ❞❡
❜✐♥❛r✐③❛çã♦ sã♦ ♣❛r❝✐❛✐s ❡ ♠❛♥tê♠ ♦ ❜r✐❧❤♦ ❞♦s ♣✐①❡❧s ❝♦♠ ✈❛❧♦r ❛❝✐♠❛ ❞♦ threshold2 = 40 ❡
❛❜❛✐①♦ ❞♦ threshold3 = 100✳
➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ❛ ♦r❞❡♠ ❞❡ ✉t✐❧✐③❛çã♦ ❞♦s ✜❧tr♦s ❛❢❡t❛ ♦ r❡s✉❧t❛❞♦ ✜♥❛❧✱ ♣♦r
✐ss♦ ❢♦✐ ❢❡✐t❛ ❛ ♣r✐♠❡✐r❛ ❜✐♥❛r✐③❛çã♦ ❛♥t❡s ❞♦ ✜❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛ ♣❛r❛ q✉❡ ❛s s❝❛♥❧✐♥❡s ♥ã♦
✐♥t❡r❢❡r✐ss❡♠ ♥❛s ❜♦r❞❛s ❝♦♠ ✐♥❢♦r♠❛çõ❡s út❡✐s✳
✸✳✸✳✹ P❡r✜s ❱❡rt✐❝❛✐s ❡ ❍♦r✐③♦♥t❛✐s
❯♠❛ ❞❛s ❢❡rr❛♠❡♥t❛s ❡ss❡♥❝✐❛✐s ♥❡st❡ tr❛❜❛❧❤♦ ❢♦✐ ♦ ✉s♦ ❞❡ ♣❡r✜s ✈❡rt✐❝❛✐s ❡ ❤♦r✐③♦♥t❛✐s ❡ s✉❛s
❞❡r✐✈❛❞❛s✳ ❆ ❡s❝♦❧❤❛ ❞❡st❡ ♠ét♦❞♦ ❧❡✈♦✉ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛❧❣✉♠❛s ❝❛r❛❝t❡ríst✐❝❛s ♣❛rt✐❝✉❧❛r❡s ❞♦
♣r♦❝❡ss♦ ❡♠ q✉❡stã♦✿
✶✳ ❆s ✐♠❛❣❡♥s sã♦ ❡♠ t♦♥s ❞❡ ❝✐♥③❛✱ ♣♦rt❛♥t♦ ❤á ❛♣❡♥❛s ✉♠ ✈❛❧♦r ♥✉♠ér✐❝♦ ❛ s❡r ❧✐❞♦ ❡♠ ❝❛❞❛
♣í①❡❧❀
✷✳ ❖ ♦❜❥❡t♦ ❞❡ ✐♥t❡r❡ss❡ ♥❛s ✐♠❛❣❡♥s é ❜❛st❛♥t❡ ❞❡✜♥✐❞♦ ❡♠ r❡❧❛çã♦ ❛♦ ❢✉♥❞♦ ❡ é ú♥✐❝♦❀
✸✳ ❊st❡ ♠ét♦❞♦ ♣❡r♠✐t❡ ✉♠❛ ❝♦♠♣❛r❛çã♦ r❡❧❛t✐✈❛♠❡♥t❡ ♣r❡❝✐s❛ ❡♥tr❡ ✐♠❛❣❡♥s s❡❣✉✐❞❛s✳
❙ã♦ ❣❡r❛❞♦s ❞♦✐s ✈❡t♦r❡s ❞❡ ♣❡r✜s✱ ♦ somaHor ❡ ♦ somaV ert ❡ s✉❛s ❞❡r✐✈❛❞❛s derivadaHor ❡
derivadaV ert✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
❖ ✈❡t♦r somaHor r❡♣r❡s❡♥t❛ ❛ ❧✉♠✐♥♦s✐❞❛❞❡ s♦♠❛❞❛ ❡♠ ❝❛❞❛ ❧✐♥❤❛ ✭❤♦r✐③♦♥t❛❧✮ ❞❛ ✐♠❛❣❡♠
❛♥❛❧✐s❛❞❛✳ ❆♥❛❧♦❣❛♠❡♥t❡ ❖ ✈❡t♦r somaV ert r❡♣r❡s❡♥t❛ ❛ ❧✉♠✐♥♦s✐❞❛❞❡ s♦♠❛❞❛ ❡♠ ❝❛❞❛ ❝♦❧✉♥❛
✭✈❡rt✐❝❛❧✮ ❞❛ ✐♠❛❣❡♠ ❛♥❛❧✐s❛❞❛✳
❖ ✈❡t♦r derivadaHor r❡♣r❡s❡♥t❛ ❛s ✈❛r✐❛çõ❡s ❞❡ ❧✉♠✐♥♦s✐❞❛❞❡ ❛ ❝❛❞❛ ❧✐♥❤❛ ✭❤♦r✐③♦♥t❛❧✮ ❞❛
✐♠❛❣❡♠ ❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡♥❝♦♥tr❛r ❛s ❝♦♦r❞❡♥❛❞❛s Y ❞♦ t♦♣♦ ✭posArameTopo✮ ❡ ❞❛ ❜❛s❡
✭posArameBase✮ ❞♦ ❡❧❡tr♦❞♦ ♥❛ ✐♠❛❣❡♠✳ ❊ss❛s ♣♦s✐çõ❡s sã♦ ❡♥❝♦♥tr❛❞❛s ♥♦s ♠á①✐♠♦s ❧♦❝❛✐s
❞❡ derivadaHor✳ ➱ ♣♦ssí✈❡❧ ♣❡r❝❡❜❡r ♥❛ ✜❣✉r❛ ✸✳✻ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛♠ ❡ss❡s ♠í♥✐♠♦s ❡ ♠á①✐♠♦s✱
❛❧é♠ ❞❡ ✉♠❛ ♣❡rs♣❡❝t✐✈❛ ❣❡r❛❧ ❞❡ somaHor✳
❖ ✈❡t♦r derivadaV ert r❡♣r❡s❡♥t❛ ❛s ✈❛r✐❛çõ❡s ❞❡ ❧✉♠✐♥♦s✐❞❛❞❡ ❛ ❝❛❞❛ ❝♦❧✉♥❛ ✭✈❡rt✐❝❛❧✮ ❞❛
✐♠❛❣❡♠ ❡ é ✉t✐❧✐③❛❞♦ ♣❛r❛ ❡♥❝♦♥tr❛r ❛s ❝♦♦r❞❡♥❛❞❛s X ❞❛s ❜♦r❞❛s ❡sq✉❡r❞❛ ✭limEsqPoca✮ ❡ ❞✐r❡✐t❛
✭limDirPoca✮ ❞❛ ♣♦ç❛✳ ❊ss❛s ♣♦s✐çõ❡s sã♦ ❡♥❝♦♥tr❛❞❛s ♥♦s ♠á①✐♠♦s ❧♦❝❛✐s ❞❡ derivadaV ert✳
➱ ♣♦ssí✈❡❧ ♣❡r❝❡❜❡r ♥❛ ✜❣✉r❛ ✸✳✼ ♦♥❞❡ s❡ ❡♥❝♦♥tr❛♠ ❡ss❡s ♠í♥✐♠♦s ❡ ♠á①✐♠♦s✱ ❛❧é♠ ❞❡ ✉♠❛
♣❡rs♣❡❝t✐✈❛ ❣❡r❛❧ ❞❡ somaV ert✳
✹✹
❋✐❣✉r❛ ✸✳✻✿ ■♠❛❣❡♠ ❝♦♠ ♣❡r✜❧ ❤♦r✐③♦♥t❛❧✭✈❡r❞❡✮ ❡ ❞❡r✐✈❛❞❛ ❞♦ ♣❡r✜❧✭✈❡r♠❡❧❤♦✮
❋✐❣✉r❛ ✸✳✼✿ ■♠❛❣❡♠ ❝♦♠ ♣❡r✜❧ ✈❡rt✐❝❛❧✭✈❡r❞❡✮ ❡ ❞❡r✐✈❛❞❛ ❞♦ ♣❡r✜❧✭✈❡r♠❡❧❤♦✮
✹✺
✸✳✸✳✺ ❘❡❣r❡ssã♦ ❘♦❜✉st❛
❯♠ ❞♦s ♣❛ss♦s ❞♦ ❛❧❣♦r✐t♠♦ é ❡♥❝♦♥tr❛r ♦s ♣♦♥t♦s ❞❡ ✐♥t❡r❡ss❡ ❞♦ ❡❧❡tr♦❞♦✳ ■ss♦ é ❢❡✐t♦ ♣❛r❛
q✉❡ s❡ ✐❞❡♥t✐✜q✉❡ ❝♦♠ ♠❛✐♦r ❡①❛t✐❞ã♦ ❛ ♣♦s✐çã♦ ♦♥❞❡ ♦ ❡❧❡tr♦❞♦ t♦❝❛ ❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠✳ P❛r❛
s✐♠♣❧✐✜❝❛çã♦ ❞♦s ❝á❧❝✉❧♦s ❝♦♥s✐❞❡r♦✉✲s❡ ♦ ♣❡r✜❧ ❞♦ ❡❧❡tr♦❞♦ ❡♠ ❝❛❞❛ ✐♠❛❣❡♠ ❝♦♠♦ ✉♠ tr❛♣é③✐♦✳
❉❡st❛ ❢♦r♠❛ ❛♣❡♥❛s sã♦ ♥❡❝❡ssár✐♦s q✉❛tr♦ ♣♦♥t♦s ♣❛r❛ s❡ ❞❡t❡r♠✐♥❛r ❛ ♣♦s✐çã♦✱ ♦ ❝♦♠♣r✐♠❡♥t♦ ❡
♦ ❞❡s✈✐♦ ❛♥❣✉❧❛r ❞♦ ❡❧❡tr♦❞♦✳ ❊st❡s ♣♦♥t♦s sã♦ ❞❡✜♥✐❞♦s ♣❡❧❛s ✐♥t❡rs❡❝çõ❡s ❡♥tr❡ ❜❛s❡ ❡ t♦♣♦ ❞♦
❡❧❡tr♦❞♦ ❡ s✉❛s ❧❛t❡r❛✐s✳
❆ ♣r✐♥❝í♣✐♦✱ ♣❡♥s♦✉✲s❡ ❡♠ ✐❞❡♥t✐✜❝❛r ❛♣❡♥❛s ♦s ♣♦♥t♦s ❞❛s ❧❛t❡r❛✐s ❞♦ ❡❧❡tr♦❞♦ ♠❛✐s ♣ró①✐♠♦s
❛♦ t♦♣♦ ❡ à ❜❛s❡ ❞♦ ♠❡s♠♦ ♣❛r❛ s❡ ❞❡✜♥✐r❡♠ ❡ss❡s ♣♦♥t♦s✳ ❊st❛ ✐❞❡♥t✐✜❝❛çã♦ s❡r✐❛ ♣❡❧♦ ♠ét♦❞♦
❞♦s ♣❡r✜s ✈❡rt✐❝❛✐s ✭✷✳✷✳✺✮✳ ❈♦♥t✉❞♦✱ ✈❡r✐✜❝♦✉✲s❡ q✉❡ é ❝♦♠✉♠ ❤❛✈❡r ♦❜❥❡t♦s ❜r✐❧❤♦s♦s s♦❜r❡
❛❧❣✉♠❛ ♣❛rt❡ ❞♦ ❡❧❡tr♦❞♦ ❡ ✐♥❝❧✉s✐✈❡ s♦❜r❡ ♣❛rt❡ ❞❡ s✉❛s ❜♦r❞❛s✳ ❚❛♠❜é♠✱ ❛ ♣♦♥t❛ ✭❜❛s❡✮ ❞♦
❡❧❡tr♦❞♦ ❣❡r❛❧♠❡♥t❡ ❡stá ❞❡❢♦r♠❛❞❛ ♣♦r ❝♦♥t❛ ❞❛ ❢✉sã♦ ❞♦ ♠❛t❡r✐❛❧ ♥❡st❡ ♣♦♥t♦✳ ❊ss❡s ♦❜❥❡t♦s
♦✉ ❞❡❢♦r♠❛çõ❡s s♦❜r❡ ♦s ♣♦♥t♦s ❞❡s❡❥❛❞♦s ❝❛✉s❛♠ ❣r❛♥❞❡s ❡rr♦s ❞❡ ♠❡❞✐çã♦ ❛♦ s✐♠♣❧❡s♠❡♥t❡ s❡
✉t✐❧✐③❛r ❡st❡ ♠ét♦❞♦✳
P♦rt❛♥t♦✱ ❞❡❝✐❞✐✉✲s❡ q✉❡ ❡st❡s ♣♦♥t♦s ❞❡✈❡r✐❛♠ s❡r ❡♥❝♦♥tr❛❞♦s ❞❡ ❢♦r♠❛ ♠❛✐s r♦❜✉st❛✳ ❆
♣r✐♠❡✐r❛ t❡♥t❛t✐✈❛ ❢♦✐ ♦❜t❡r ❞✐✈❡rs♦s ♣♦♥t♦s ❛♦ ❧♦♥❣♦ ❞♦ ❛r❛♠❡ ❡ s❡ ❢❛③❡r ✉♠❛ r❡❣r❡ssã♦ ❧✐♥❡❛r ❞❡
t❛✐s ♣♦♥t♦s ❝♦♠ ❛ ❢✉♥çã♦ polyfit ❞♦ ▼❛t❧❛❜✳ ❊ss❛s r❡t❛s ❢♦r❛♠ ❞❡✜♥✐❞❛s ❝♦♠♦ ✈❡t♦r❡s ❞❡ ❞♦✐s
❡❧❡♠❡♥t♦s q✉❡ r❡♣r❡s❡♥t❛♠ ♦s ❝♦❡✜❝✐❡♥t❡s ❞❛s ❡q✉❛çõ❡s ❞❡ r❡t❛✱ ❛r♠❛③❡♥❛❞♦s ❡♠ ladoEsqArame ❡
ladoDirArame✳ ❈♦♠ ❡ss❡s ❝♦❡✜❝✐❡♥t❡s✱ s❡r✐❛♠ ❝❛❧❝✉❧❛❞❛s ❛s ❝♦♦r❞❡♥❛❞❛s ♥♦ ❡✐①♦ X ♦♥❞❡ ❛s r❡t❛s
❡♥❝♦♥tr❛❞❛s s❡ ❝r✉③❛✈❛♠ ❝♦♠ ❛s ♠❡❞✐❞❛s Y ❞❛ ❜❛s❡ ❡ t♦♣♦ ❞♦ ❡❧❡tr♦❞♦✳
✭❛✮ ✭❜✮
❋✐❣✉r❛ ✸✳✽✿ ❘❡❣r❡ssã♦ ♣♦r ♠í♥✐♠♦s q✉❛❞r❛❞♦s ✭❛✮ ✈❡rs✉s r❡❣r❡ssã♦ r♦❜✉st❛ ✭❜✮
❆ r❡❣r❡ssã♦ ❧✐♥❡❛r ❝♦♠✉♠ r❡❞✉③✐✉ ❛❧❣✉♥s ❞♦s ❡rr♦s ♠❛s ❛✐♥❞❛ ♥ã♦ ❡st❛✈❛ s❛t✐s❢❛tór✐❛✳ P♦rt❛♥t♦✱
❢♦✐ ✉t✐❧✐③❛❞❛ ✉♠❛ r❡❣r❡ssã♦ r♦❜✉st❛ ❡♠ ✈❡③ ❞❡ ✉♠❛ ❞❡ ♠í♥✐♠♦s q✉❛❞r❛❞♦s ♣❛r❛ s❡ ♦❜t❡r ❛ ❡q✉❛çã♦
❞❛ r❡t❛ ❞❡ ❝❛❞❛ ❧❛t❡r❛❧ ❞♦ ❡❧❡tr♦❞♦✳
❆ ❢✉♥çã♦ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❡ss❛ t❛r❡❢❛ ❢♦✐ ❛ robustfit ❞♦ ▼❛t❧❛❜✱ ❝♦♠ ❛ ❝♦♥✜❣✉r❛çã♦ ♣❛❞rã♦
✹✻
✧❜✐sq✉❛r❡✧✳ ❊st❛ ❢✉♥çã♦ r❡t♦r♥❛ ♦ ♠❡s♠♦ ❢♦r♠❛t♦ ❞❡ ❝♦❡✜❝✐❡♥t❡s ❞❛ ❡q✉❛çã♦ ❞❡ r❡t❛ q✉❡ ❛ ❢✉♥çã♦
polyfit✳ ❉❡ss❛ ❢♦r♠❛✱ ❛s ❝♦♦r❞❡♥❛❞❛s ❞♦s ♣♦♥t♦s ❞❡ ✐♥t❡r❡ss❡ sã♦ ♦❜t✐❞♦s ❝♦♠ ♦ ♠❡s♠♦ ♣r♦❝❡❞✐✲
♠❡♥t♦✳
❆ ✜❣✉r❛ ✸✳✽✭❛✮ ❞❡♠♦♥str❛ ❝♦♠♦ ❛ r❡❣r❡ssã♦ ♣♦r ♠í♥✐♠♦s q✉❛❞r❛❞♦s ❢♦✐ ❝❛♣❛③ ❞❡ ❝♦rr✐❣✐r ❡♥✲
❝♦♥tr❛r ❝♦rr❡t❛♠❡♥t❡ ♦s ♣♦♥t♦s ❞♦ ❡❧❡tr♦❞♦ ♥♦ ❧❛❞♦ ❞✐r❡✐t♦ ♠❛s ❢❛❧❤♦✉ ♣❛r❛ ♦ ❧❛❞♦ ❡sq✉❡r❞♦✳ ❏á ❛
✜❣✉r❛ ✸✳✽✭❜✮ ❞❡♠♦♥str❛ ❛ ✈❛♥t❛❣❡♠ ❞❛ r❡❣r❡ssã♦ r♦❜✉st❛✳
✸✳✸✳✻ ❉✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛
❆ ❝â♠❡r❛ ❞❡✈❡ s❡r ♣♦s✐❝✐♦♥❛❞❛ ♦❜❧✐q✉❛♠❡♥t❡ ❡♠ r❡❧❛çã♦ à ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠ ♥ã♦ ❛♣❡♥❛s ♣♦r
q✉❡stõ❡s ❢ís✐❝❛s ♠❛s t❛♠❜é♠ ♣❛r❛ q✉❡ ✐♥❝❧✉❛ t❛♥t♦ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠ q✉❛♥t♦ ❛r❛♠❡✳ ■ss♦ s✐❣♥✐✜❝❛
q✉❡ ♦s ❡❧❡♠❡♥t♦s ✭♣♦ç❛ ❡ ❛r❛♠❡✮ ✜❝❛♠ ❡♠ ❞✐❛❣♦♥❛❧ ❝♦♠ ♦ ♣❧❛♥♦ ❞❛ ✐♠❛❣❡♠✱ ♦ q✉❡ ❝❛✉s❛ ✉♠❛
❞✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛ ❞♦ q✉❡ s❡r✐❛ ❛ ✐♠❛❣❡♠ ✐❞❡❛❧ ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦✳ ❆ ♣♦s✐çã♦ ❞❛ ❝â♠❡r❛
q✉❡ ❝❛♣t✉r♦✉ ❛s ✐♠❛❣❡♥s ✉t✐❧✐③❛❞❛s ♥❡st❛ ♣❛rt❡ ❞♦ ❡①♣❡r✐♠❡♥t♦ ♣♦❞❡ s❡r ✈✐st❛ ♥❛ ✜❣✉r❛ ✸✳✾✳
❋✐❣✉r❛ ✸✳✾✿ P♦s✐çã♦ ❞❛ ❝â♠❡r❛ ❬✸✷❪
❉❡ss❛ ❢♦r♠❛✱ ❛ ❞✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛ ❞❛ ✐♠❛❣❡♠ ❞❡✈❡ s❡r ❝♦♥❤❡❝✐❞❛ ♣❛r❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧
♦❜t❡r ✈❛❧♦r❡s ❝♦rr❡t♦s ♥♦ ♣r♦❝❡ss❛♠❡♥t♦✳ ❯♠❛ ❢♦r♠❛ ❞❡ ♦❜t❡r ❡ss❛ ✐♥❢♦r♠❛çã♦ s❡r✐❛ ♣♦r ✐♥s❡rçã♦
❞❡ ❞❛❞♦s ❝♦♠♦ â♥❣✉❧♦✱ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❝â♠❡r❛ ❡ t♦❝❤❛✱ ❡ ❞✐stâ♥❝✐❛ ❢♦❝❛❧ ❞❛ ❧❡♥t❡ ♣♦r ✉♠ ♦♣❡r❛❞♦r
✹✼
♥♦ s✐st❡♠❛✳ ▼❛s ❝♦♥s✐❞❡r❛♥❞♦ q✉❡ ♦ s✐st❡♠❛ ♣♦ss❛ s❡r ✉t✐❧✐③❛❞♦ ❝♦♠ ❝â♠❡r❛s✱ ❛t✉❛❞♦r❡s ❡ ♣♦s✐✲
❝✐♦♥❛♠❡♥t♦s ❞✐❢❡r❡♥t❡s✱ ✐♥❝❧✉s✐✈❡ ❝♦♠ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❛❧t❡r❛çã♦ ❞❡ ❛❧❣✉♠❛ ✈❛r✐á✈❡❧ ❡♥tr❡ ❞♦✐s
s❡t✉♣s ❞✐❢❡r❡♥t❡s✱ ❤á ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❡rr♦s ❡ ❛✉♠❡♥t♦ ❞♦ t❡♠♣♦ ❞❡ s❡t✉♣✳
❆ ♣r✐♥❝í♣✐♦✱ ❞❡s❡❥❛✈❛✲s❡ ❝❛❧❝✉❧❛r ❛ ❞✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛ ❡ ❢❛③❡r ♦s ❛❥✉st❡s ♥❡❝❡ssár✐♦s ❞✉r❛♥t❡
♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛s ✐♠❛❣❡♥s ❞♦ ♣r♦❝❡ss♦ ❞❡ s♦❧❞❛✳ ❆ ✐❞❡✐❛ s❡r✐❛ ✉t✐❧✐③❛r ♦ ❡❧❡tr♦❞♦ ❞❡ s♦❧❞❛
❝♦♠♦ r❡❢❡rê♥❝✐❛✱ ♣❛rt✐♥❞♦ ❞♦ ♣r❡ss✉♣♦st♦ q✉❡ ❡st❡ ✜❝❛ s❡♠♣r❡ ♣❡r♣❡♥❞✐❝✉❧❛r ❛♦ ♣❧❛♥♦ ❞❛ ♣♦ç❛ ❞❡
s♦❧❞❛❣❡♠✳ ❖s ✈ért✐❝❡s ❞♦ tr❛♣é③✐♦ ❢♦r♠❛❞♦ ♣❡❧♦ ❡❧❡tr♦❞♦ ♥❛ ✐♠❛❣❡♠ s❡r✐❛♠ ✉s❛❞♦s ♣❛r❛ s❡ ❞❡✜♥✐r
❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦✳ P♦ré♠ ❞❡❝✐❞✐✉✲s❡ ♦❜t❡r ❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦ ❛tr❛✈és ❞❡ ✉♠❛
♣ré✲❝❛❧✐❜r❛çã♦✳
P❡♥s♦✉✲s❡ ❡♠ ✉♠❛ ❢♦r♠❛ s✐♠♣❧❡s ❡ rá♣✐❞❛✿ ❡st❛ ♣ré ❝❛❧✐❜r❛çã♦ é ❢❡✐t❛ ❝♦♠ ♦ ♣r♦❝❡ss❛♠❡♥t♦
❞❡ ✉♠❛ ✐♠❛❣❡♠ ✐♥✐❝✐❛❧ ❡ ❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦ ✜❝❛ ❛r♠❛③❡♥❛❞❛ ♥♦ s✐st❡♠❛ ❛té q✉❡ s❡❥❛ ❢❡✐t♦
✉♠ ♥♦✈♦ s❡t✉♣✳ ❆ ✐♠❛❣❡♠ ❞❡✈❡ ❝♦♥t❡r ♦ ♠í♥✐♠♦ ❞❡ q✉❛tr♦ ♣♦♥t♦s ❝♦♥❤❡❝✐❞♦s✱ ❝♦♠♦ ❞❡s❝r✐t♦ ❡♠
✷✳✷✳✸✳✷ ♥♦ ❡s♣❛ç♦ tr✐❞✐♠❡♥s✐♦♥❛❧ ♣❛r❛ q✉❡ s❡❥❛ ♣♦ssí✈❡❧ ❝❛❧❝✉❧❛r ❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦✳
❆ ♣ré ❝❛❧✐❜r❛çã♦ é ❢❡✐t❛ ✉t✐❧✐③❛♥❞♦✲s❡ ✉♠ ♦❜❥❡t♦ q✉❛❞r❛❞♦ ❞❡ ❞✐♠❡♥sõ❡s ❝♦♥❤❡❝✐❞❛s ♥♦ ♣❧❛♥♦
♣❛r❛❧❡❧♦ à ♣❡ç❛ q✉❡ s❡rá s♦❧❞❛❞❛✳ ■ss♦ ♣♦❞❡ s❡r ❢❡✐t♦ ❝♦❧♦❝❛♥❞♦✲s❡ ✉♠❛ ♣❡q✉❡♥❛ ❝❤❛♣❛ ♠❡tá❧✐❝❛
q✉❛❞r❛❞❛ s♦❜r❡ ♦ ♣❧❛♥♦ ❞❡ s♦❧❞❛❣❡♠✳ ❆♣❡♥❛s ✉♠❛ ✐♠❛❣❡♠ é ♥❡❝❡ssár✐❛ ♣❛r❛ s❡ ♦❜t❡r ❛ ♠❛tr✐③ ❞❡
tr❛♥s❢♦r♠❛çã♦✱ ❞❡s❞❡ q✉❡ ♦ r❡st♦ ❞♦ ❛♠❜✐❡♥t❡ ❝♦♥t✐❞♦ ♥❛ ✐♠❛❣❡♠ s❡❥❛ ❜❡♠ ❝♦♥tr♦❧❛❞♦ ♥♦ ♠♦♠❡♥t♦
❞❛ ❝❛❧✐❜r❛çã♦✳ ❖s ❛❧❣♦r✐t♠♦ ❣❡r❛❞♦ ❝♦♠ ▼❛t❧❛❜ ♣❛r❛ ❣❡r❛r ❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦ s❡ ♠♦str♦✉
❡✜❝✐❡♥t❡✱ ♠❛s ♣♦❞❡ ❛♣r❡s❡♥t❛r ❡rr♦s ❝❛s♦ ❤❛❥❛ ♥❛ ✐♠❛❣❡♠ ❝❛♥t♦s ♠❛✐s ❞❡✜♥✐❞♦s q✉❡ ♦s ❝❛♥t♦s ❞♦
q✉❛❞r❛❞♦✳
❖ ❛❧❣♦r✐t♠♦ ❞❛ ♣ré✲❝❛❧✐❜r❛çã♦ ❡♠▼❛t❧❛❜ é r❛③♦❛✈❡❧♠❡♥t❡ s✐♠♣❧❡s ♣♦✐s ✉t✐❧✐③❛ ❛s ❢✉♥çõ❡s ♣r♦♥t❛s
♥♦ s♦❢t✇❛r❡✳ ❆❜❛✐①♦ s❡❣✉❡♠ ♦s ♣❛ss♦s ✉t✐❧✐③❛❞♦s✿
✶✳ ❋✐❧tr❛❣❡♠ ❞❛ ✐♠❛❣❡♠
❇❛s✐❝❛♠❡♥t❡ sã♦ r❡t✐r❛❞♦s ♦s ♣✐①❡❧s ❛❜❛✐①♦ ❞❡ ✉♠ ❧✐♠✐❛r ❡ ❞❡♣♦✐s ♣❛ss❛❞♦ ✉♠ ✜❧tr♦ ❞❡ ❣❛✉s✲
s✐❛♥❛ ♣❛r❛ r❡t✐r❛❞❛ ❞❡ r✉í❞♦s✳
✷✳ ❉❡t❡❝çã♦ ❞❡ ❝❛♥t♦s
❆ ❢✉♥çã♦ ✑❝♦r♥❡r✑ ❞♦ ▼❛t❧❛❜ é ❝❤❛♠❛❞❛ ❡ ✉t✐❧✐③❛ ♦ ♠ét♦❞♦ ❞❡ ❍❛rr✐s ✭s❡çã♦ ✷✳✷✳✹✮ ♣❛r❛ ❛
❞❡t❡❝çã♦✳ ❖s ❝❛♥t♦s sã♦ ♦r❞❡♥❛❞♦s ❞❡s❝❡♥❞❡♥t❡♠❡♥t❡✳
✸✳ ❈á❧❝✉❧♦ ❞❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦
❆s ❝♦♦r❞❡♥❛❞❛s r❡❛✐s ❞♦s ❝❛♥t♦s sã♦ ✉t✐❧✐③❛❞❛s ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ❛s ❝♦♦r❞❡♥❛❞❛s ♦❜t✐❞❛s ♥❛
❞❡t❡❝çã♦ ❞♦ ♣❛ss♦ ❛♥t❡r✐♦r ♣❛r❛ ♦ ❝á❧❝✉❧♦✳ ✭s❡çã♦ ✷✳✷✳✸✳✷✮
✹✳ ❚r❛♥s❢♦r♠❛çã♦ ❞❛ ✐♠❛❣❡♠
❆q✉✐ ♦ ❛❧❣♦r✐t♠♦ ❛♣r❡s❡♥t❛ ❛ ✐♠❛❣❡♠ tr❛♥s❢♦r♠❛❞❛ ❝♦♠ ❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦✳
✺✳ ❈♦rr❡çã♦ ❞❡ ✈❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s ❡♠ ❡t❛♣❛s ❛♥t❡r✐♦r❡s
❆s ❞✐stâ♥❝✐❛s ❡ ♣♦s✐çõ❡s ❡♥❝♦♥tr❛❞❛s ❛♥t❡r✐♦r♠❡♥t❡ sã♦ ❝♦rr✐❣✐❞❛s ❡ s♦❢r❡♠ ♠❡♥♦s ✐♥✢✉ê♥❝✐❛
❞❛ ❞✐st♦rçã♦✳
✹✽
❖ ✐♥t❡r❡ss❛♥t❡ ❞❡ s❡ ❢❛③❡r ❛ ❝♦rr❡çã♦ ❞❡st❛ ❢♦r♠❛✱ é q✉❡ t❛♠❜é♠ s♦ t♦r♥❛ ♣♦ssí✈❡❧ ❡st✐♠❛r
❞❡s✈✐♦s ❞♦ ❛r❛♠❡ ♥❛ ❞✐r❡çã♦ ❞♦ ❡✐①♦ ❞❡ ❛✈❛♥ç♦✳ ❈♦♥s✐❞❡r❛♥❞♦✲s❡ ✉♠❛ ✐♠❛❣❡♠ ❝♦rr✐❣✐❞❛ ❛♣ós
❛s ❞✐st♦rçã♦✱ ♦❜s❡r✈❛✲s❡ ♦ s❡❣✉✐♥t❡✿ ❈❛s♦ ❛ ❧❛r❣✉r❛ ❞❛ ❜❛s❡ ❞♦ ❡❧❡tr♦❞♦ t❡♥❤❛ ❛ ♠❡s♠❛ ♠❡❞✐❞❛
❤♦r✐③♦♥t❛❧ q✉❡ ♦ t♦♣♦ ❞♦ ❡❧❡tr♦❞♦✱ ❡st❡ ❡stá ❝♦rr❡t❛♠❡♥t❡ ❛❧✐♥❤❛❞♦✳ ❈❛s♦ ❛ ❜❛s❡ s❡❥❛ ♠❡♥♦r✱ ♦
❡❧❡tr♦❞♦ só ♣♦❞❡ ❡st❛r ♠❛✐s ❞✐st❛♥t❡ ❞♦ q✉❡ ♦ t♦♣♦✳ ❖✉ s❡❥❛✱ ❡stá ♠❛✐s ❧♦♥❣❡ ❞❛ ❝â♠❡r❛✱ ♦ q✉❡
s✐❣♥✐✜❝❛ q✉❡ ♦ ❡❧❡tr♦❞♦ ❡stá ❡♠ ❞✐❛❣♦♥❛❧✱ ❝♦♠ ❛ ♣♦♥t❛ ♠❛✐s ❛trás ❞♦ q✉❡ ♦ ❝❡♥tr♦ ❞❛ t♦❝❤❛ ❞❡
s♦❧❞❛❣❡♠✳ ❆ ♠❡s♠❛ ❧ó❣✐❝❛ ❛♣❧✐❝❛✲s❡ ❝❛s♦ ❛ ❜❛s❡ t❡♥❤❛ ✉♠❛ ♠❡❞✐❞❛ ♠❛✐♦r q✉❡ ♦ t♦♣♦✱ ♦ q✉❡
s✐❣♥✐✜❝❛ q✉❡ ♦ ❡❧❡tr♦❞♦ ❡stá ❝♦♠ ❛ ♣♦♥t❛ à ❢r❡♥t❡ ❞❛ t♦❝❤❛✳
❖ ♣r♦❣r❛♠❛ ❡♠ ▼❛t❧❛❜ ✉t✐❧✐③♦✉ ✉♠❛ ✐♠❛❣❡♠ ❞❡✜♥✐❞❛ ❝♦♠♦ ✉♠ ♣❛❞rã♦ ❛❝❡✐tá✈❡❧ ♣❛r❛ ❝❛❧❝✉❧❛r
❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦✳ ❊♠ s❡❣✉✐❞❛✱ ♦ ❛❧❣♦r✐t♠♦ ♣❛ss❛ ❛ ♦❜t❡r ♦s ✈❛❧♦r❡s à ♣❛rt✐r ❞❡ ✐♠❛❣❡♥s
tr❛♥s❢♦r♠❛❞❛s ❝♦♠ ❡st❛ ♠❛tr✐③✳
✸✳✹ ■♠♣❧❡♠❡♥t❛çã♦ ❞♦ ♣r♦❝❡ss❛♠❡♥t♦ ❡♠ ❞❡s❝r✐çã♦ ❞❡ ❤❛r❞✇❛r❡
❖ ❛❧❣♦r✐t♠♦ ✉t✐❧✐③❛❞♦ ♣❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ▼❛t❧❛❜ t❡✈❡ ❜❧♦❝♦s ❝r✐❛❞♦s ♣❛r❛ ❛ ❢✉t✉r❛ ❛❞❛♣✲
t❛çã♦ ❡♠ ✉♠❛ ♣❧❛❝❛ ❋P●❆✱ ✉t✐❧✐③❛♥❞♦✲s❡ ❛ ❧✐♥❣✉❛❣❡♠ ❱❍❉▲✳ ❇♦❛ ♣❛rt❡ ❞♦s ♣r♦❝❡❞✐♠❡♥t♦s ❝♦♥t✐♥✲
✉♦✉ ❝♦♠ ❛ ❝❛r❛❝t❡ríst✐❝❛ s❡q✉❡♥❝✐❛❧✱ ♣♦✐s ❛s ✐♠❛❣❡♥s sã♦ ♦❜t✐❞❛s ❞❡st❛ ❢♦r♠❛✳ ❆❧❣✉♥s ♣r♦❝❡❞✐♠❡♥t♦s
✉t✐❧✐③❛r❛♠ ❞♦ ♣❛r❛❧❡❧✐s♠♦ ♣❛r❛ ❡❝♦♥♦♠✐❛ ❞❡ t❡♠♣♦ ❡ r❡❝✉rs♦s✳ P♦r ❡①❡♠♣❧♦✿ ❛ ♦❜t❡♥çã♦ ❞❡ t♦♣♦ ❡
❜❛s❡ ❞♦ ❛r❛♠❡ ❡ ❧❛r❣✉r❛ ❞❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠ ♦❝♦rr❡♠ s✐♠✉❧t❛♥❡❛♠❡♥t❡✳ ❆ s❡❣✉✐r é ❞❡♠♦♥str❛❞♦
❝♦♠♦ ❢♦✐ ❢❡✐t❛ ❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❞❡ ❝❛❞❛ ✐t❡♠ ❞♦ ❛❧❣♦r✐t♠♦✳
✸✳✹✳✶ ❆q✉✐s✐çã♦ ❞❡ ✐♠❛❣❡♥s
❉✐❢❡r❡♥t❡♠❡♥t❡ ❞♦ ♣r♦❥❡t♦ ❡♠ ♠❛t❧❛❜✱ ♦ ❛❧❣♦r✐t♠♦ ♣❛r❛ ❛ ❋P●❆ ❡♥❣❧♦❜❛ ❝❛♣t✉r❛ ❞❡ ❞❛❞♦s
❞✐r❡t❛♠❡♥t❡ ❞❛ ❝â♠❡r❛✳ ❖s ❞❛❞♦s ❢♦r♥❡❝✐❞♦s s❡r✐❛❧♠❡♥t❡ ❢♦r❛♠ ❞❡ss❡r✐❛❧✐③❛❞♦s ❡ ❞✐s♣♦♥✐❜✐❧✐③❛❞♦s
❡♠ ❛♣❡♥❛s ✉♠ st❞❴❧♦❣✐❝❴✈❡❝t♦r ♣♦✐s ❛♣❡♥❛s ❡r❛♠ ♥❡❝❡ssár✐♦s ♥í✈❡✐s ❞❡ ❝✐♥③❛✳
❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ❋P●❆ ❞❡s❡♥✈♦❧✈✐❞❛ ❛♣❡♥❛s r❡❝❡❜❡ ✐♠❛❣❡♥s ♣❛r❛ ❛ ❢✉♥çã♦ ❋r❡❡r✉♥♥✐♥❣
▼♦❞❡ ❞❛ ❝â♠❡r❛✳ ❆ ♣r✐♥❝í♣✐♦✱ ♦ ❛❧❣♦r✐t♠♦ ♥ã♦ ♣r❡❝✐s❛ ❞❡ ♥❡♥❤✉♠ ❣❛t✐❧❤♦ ❞❡ s✐♥❝r♦♥✐❛ ❡♥✈✐❛❞♦ à
❝â♠❡r❛ ♣♦✐s ❞❡✈❡ s❡❧❡❝✐♦♥❛r ❛s ✐♠❛❣❡♥s ♣♦r ❝♦♥t❛ ♣ró♣r✐❛ ❝♦♠♦ ❞❡s❝r✐t♦ ❡♠ ✸✳✹✳✺✳
❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❛❧❣♦r✐t♠♦ ✉s♦✉ ✉♠ t❡st ❜❡♥❝❤ q✉❡ s✐♠✉❧❛✈❛ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s
♣❡❧❛ ♣❧❛❝❛✱ ✉t✐❧✐③❛♥❞♦ s✐♥❛✐s ❝✐t❛❞♦s ♥❛ s❡çã♦ ✷✳✺✳✶✳✶✳
✸✳✹✳✷ ❈♦♥st❛♥t❡s ❡ t✐♣♦s ❝✉st♦♠✐③❛❞♦s
P❛r❛ ❛❣✐❧✐③❛r ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ♣r♦❥❡t♦ ❢♦✐ ❝r✐❛❞♦ ✉♠ ♣❛❝♦t❡ ❝♦♠ ✈❛❧♦r❡s ❡ t✐♣♦s q✉❡ sã♦
r❡❝♦rr❡♥t❡♠❡♥t❡ ✉t✐❧✐③❛❞♦s ♥❛s ❞✐✈❡rs❛s ❡♥t✐❞❛❞❡s✳ ❆s ❝♦♥st❛♥t❡s ❡ t✐♣♦s ❞❡♣❡♥❞❡♠ ❜❛s✐❝❛♠❡♥t❡
❞❛s ❞✐♠❡♥sõ❡s ❞❛s ✐♠❛❣❡♥s q✉❡ s❡ ♣r❡t❡♥❞❡♠ ♣r♦❝❡ss❛r✳ ❙ã♦ ❡st❡s✿
✶✳ ❈♦♥st❛♥t❡s
✹✾
• numcols✿ ▲❛r❣✉r❛ ❞❛ ✐♠❛❣❡♠✱ ♦✉ q✉❛♥t✐❞❛❞❡ ❞❡ ❝♦❧✉♥❛s ✭♣✐①❡❧s✮ ♥❛ ❞✐♠❡♥sã♦ ❤♦r✐③♦♥✲
t❛❧❀
• numlin✿ ❆❧t✉r❛ ❞❛ ✐♠❛❣❡♠✱ ♦✉ q✉❛♥t✐❞❛❞❡ ❞❡ ❧✐♥❤❛s ✭♣✐①❡❧s✮ ♥❛ ❞✐♠❡♥sã♦ ✈❡rt✐❝❛❧✳
✷✳ ❚✐♣♦s
• vetorHor✿ ❱❡t♦r ✉t✐❧✐③❛❞♦ ♣❛r❛ ❣✉❛r❞❛r ❛❧❣✉♠ t✐♣♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ ❝❛❞❛ ❧✐♥❤❛✳ P♦ss✉✐
numlin ❡❧❡♠❡♥t♦s ❞♦ t✐♣♦ ✐♥t❡✐r♦❀
• vetorV ert✿ ❱❡t♦r ✉t✐❧✐③❛❞♦ ♣❛r❛ ❣✉❛r❞❛r ❛❧❣✉♠ t✐♣♦ ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ ❝❛❞❛ ❝♦❧✉♥❛✳
P♦ss✉✐ numcols ❡❧❡♠❡♥t♦s ❞♦ t✐♣♦ ✐♥t❡✐r♦❀
• MatrizImagem ▼❛tr✐③ ✉t✐❧✐③❛❞❛ ♣❛r❛ ❛r♠❛③❡♥❛r ✐♠❛❣❡♥s ✐♥t❡✐r❛s ♥❛ s✐♠✉❧❛çã♦✳ ❚❡♠
t❛♠❛♥❤♦ ❞❡ numlin ♣♦r numcols ❞♦ t✐♣♦ ✉♥s✐❣♥❡❞ ❞❡ ✽❜✳
✸✳✹✳✸ ❘❡t✐r❛❞❛ ❞❡ s❝❛♥❧✐♥❡s
❆ss✐♠ q✉❡ ♦s ❞❛❞♦s ❡st❡❥❛♠ ❝♦rr❡t❛♠❡♥t❡ ❞✐s♣♦♥í✈❡✐s ♣❛r❛ ♣r♦❝❡ss❛♠❡♥t♦ ❝♦♠❡ç❛♠ ❛ ♣❛ss❛r
♣♦r ❡t❛♣❛s s❡♠❡❧❤❛♥t❡s às ❞❡s❝r✐t❛s ♥❛ s❡çã♦ ✸✳✸✳ ❆ ♣r✐♠❡✐r❛ ❡t❛♣❛ é ❛ r❡t✐r❛❞❛ ❞❡ s❝❛♥❧✐♥❡s✳
❊st❡ ♣r✐♠❡✐r♦ ✜❧tr♦ ❞❡ ❜✐♥❛r✐③❛çã♦ é ❢❡✐t♦ ❛♥t❡s ❞❡ q✉❛❧q✉❡r ♦✉tr♦✱ ♥♦ ♠♦♠❡♥t♦ ❞❡ r❡❝❡♣çã♦ ❞❡
❝❛❞❛ ♣✐①❡❧✳ ❖ ❝ó❞✐❣♦ ♣❛r❛ t❛❧ é tã♦ s✐♠♣❧❡s q✉❡ ❢♦✐ ❞❡✐①❛❞♦ ♥♦ ❝♦r♣♦ ❞❛ ❡♥t✐❞❛❞❡ ❞❡ ♣r♦❥❡t♦ ♣♦✐s
♥ã♦ ❥✉st✐✜❝❛ ❛ ❝r✐❛çã♦ ❞❡ ✉♠❛ ❡♥t✐❞❛❞❡ ♣❛r❛ t❛❧ ❡ ♥ã♦ s❡r✐❛ ❛❞❡q✉❛❞♦ ❝♦❧♦❝á✲❧♦ ❡♠ ♦✉tr❛✳
❆ ❜✐♥❛r✐③❛çã♦ ❝♦♥s✐st❡ ❜❛s✐❝❛♠❡♥t❡ tr❛♥s❢♦r♠❛r ❡♠ ③❡r♦ q✉❛❧q✉❡r ♣✐①❡❧ q✉❡ s❡❥❛ ♠❛✐♦r q✉❡
threshold1✳ ❖ ✈❛❧♦r ✉t✐❧✐③❛❞♦ ♣❛r❛ t❡st❡s threshold1 ❢♦✐ ❞❡ ✼✱ s❡♥❞♦ ♦ ❜r✐❧❤♦ ♠á①✐♠♦ ✷✺✺✳
✸✳✹✳✹ ❋✐❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛
❖ s✐st❡♠❛ ❡♠ ❋P●❆ ♥❡❝❡ss✐t♦✉ q✉❡ ❡st❡ ✜❧tr♦ ❢♦ss❡ ❡①❡❝✉t❛❞♦ ❛♥t❡s ❞♦ ✜❧tr♦ ❞❡ ♠é❞✐❛ ❞❡
✐♠❛❣❡♥s ♣♦✐s s❡r✐❛♠ ♥❡❝❡ssár✐❛s ♠✉✐t❛s ❧❡✐t✉r❛s ❡♠ ♠❡♠ór✐❛ ♣❛r❛ s❡ ♦❜t❡r ❛ ❥❛♥❡❧❛ ✸①✸✳ ❉❡ss❛
❢♦r♠❛ ♦ ✜❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛ é ❛♣❧✐❝❛❞♦ ❧♦❣♦ ❡♠ s❡❣✉✐❞❛ à ♣r✐♠❡✐r❛ ❜✐♥❛r✐③❛çã♦ ❡ ♦ ♣✐①❡❧s ✜❧tr❛❞♦s
sã♦ ❛r♠❛③❡♥❛❞♦s ❡♠ ♠❡♠ór✐❛ ♣❛r❛ ❛ ✜❧tr❛❣❡♠ ♣♦r ♠é❞✐❛✳
❈♦♠♦ ❡①♣❧✐❝❛❞♦ ♥❛ s❡çã♦ ✷✳✷✳✷✱ ❡st❡ é ✉♠ ✜❧tr♦ q✉❡ ✉t✐❧✐③❛ ✉♠❛ ❥❛♥❡❧❛ ❞❡ ♣✐①❡❧s ❡♠ ✉♠❛ ✐♠❛❣❡♠
❡ ✉♠❛ ♠ás❝❛r❛✳ ❆ ♠ás❝❛r❛ ❡s❝♦❧❤✐❞❛ ♣❛r❛ s❡ r❡❞✉③✐r ♦ r✉í❞♦ ❢♦✐ ❛ ❞❡ ❣❛✉ss✐❛♥❛✱ ❡ ♣♦❞❡ s❡r ✈✐st❛




❚❛❜❡❧❛ ✸✳✶✿ ▼ás❝❛r❛ ❞❡ ❣❛✉ss✐❛♥❛✳
P❛r❛ ❡✈✐t❛r s❡ tr❛❜❛❧❤❛r ❝♦♠ ♣♦♥t♦s ✢✉t✉❛♥t❡s ♥❛ ❋P●❆✱ ♦s ✈❛❧♦r❡s ❞❛ t❛❜❡❧❛ ✸✳✹✳✹ ❢♦r❛♠
♠✉❧t✐♣❧✐❝❛❞♦s ♣♦r 28 ♣❛r❛ s❡ ❢❛③❡r ❛ ♠✉❧t✐♣❧✐❝❛çã♦ ♣❡❧❛ ❥❛♥❡❧❛ ❞❡ ♣✐①❡❧s✳ ❖ r❡s✉❧t❛❞♦ ❞❛ ♠✉❧t✐♣❧✐❝❛çã♦
s♦❢r❡ ✉♠ s❤✐❢t ♣❛r❛ ❛ ❞✐r❡✐t❛ ♣❛r❛ s❡ r❡❛❧✐③❛r ✉♠❛ ❞✐✈✐sã♦ ❞♦ r❡s✉❧t❛❞♦ ♣♦r 28✳ ❖s ♥♦✈♦s ✈❛❧♦r❡s





❚❛❜❡❧❛ ✸✳✷✿ ▼ás❝❛r❛ ❞❡ ❣❛✉ss✐❛♥❛ ♣❛r❛ ❋P●❆ ✭✈❛❧♦r❡s ❤❡①❛❞❡❝✐♠❛✐s✮✳
❆ ❥❛♥❡❧❛ ♣❛r❛ ♦ ✜❧tr♦ é ❝r✐❛❞❛ ❝♦♠♦ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✷✳✷✳✷✳✶✳ ❋✐❝♦✉ ❞❡❝✐❞✐❞♦✱ ♣♦r q✉❡stõ❡s ❞❡
s✐♠♣❧✐❝✐❞❛❞❡ ❡ ♣❡❧❛ ♥❛t✉r❡③❛ ❞❛s ✐♠❛❣❡♥s ✉s❛❞❛s✱ q✉❡ s❡r✐❛♠ ❞❡s❝❛rt❛❞❛s ❛s ♣r✐♠❡✐r❛s ❡ ú❧t✐♠❛s
❧✐♥❤❛s ❡ ❝♦❧✉♥❛s ❞❛s ✐♠❛❣❡♥s✳ ❉❡ss❛ ❢♦r♠❛ ♦ ♣✐①❡❧ ♣r♦❝❡ss❛❞♦ ❡stá s❡♠♣r❡ ✉♠❛ ❧✐♥❤❛ ❡ ✉♠❛ ❝♦❧✉♥❛
❛trás ❞♦ ♥♦✈♦ ♣✐①❡❧ r❡❝❡❜✐❞♦ ❡ ♦ ♣r♦❝❡ss❛♠❡♥t♦ t❡r♠✐♥❛ q✉❛♥❞♦ ♦ ú❧t✐♠♦ é r❡❝❡❜✐❞♦✳
✸✳✹✳✺ ❋✐❧tr♦ ❞❡ ✐♠❛❣❡♠ ♠é❞✐❛ ❡ s❡❧❡çã♦ ❞❡ ✐♠❛❣❡♥s ♣r♦♣í❝✐❛s
P❛r❛ q✉❡ ❢♦ss❡ ✐♠♣❧❡♠❡♥t❛❞♦ ❡st❡ ✜❧tr♦ ❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ❜❧♦❝♦ ❞❡ ♠❡♠ór✐❛ s✉❜❞✐✈✐❞✐❞♦ ❡♠
q✉❛tr♦ ❜❧♦❝♦s✱ ❝❛❞❛ ✉♠ ❞✐♠❡♥s✐♦♥❛❞♦ ♣❛r❛ r❡❝❡❜❡r ✉♠❛ ✐♠❛❣❡♠✳ ❆ ♣❧❛❝❛ r❡❝❡❜❡ s❡q✉❡♥❝✐❛❧♠❡♥t❡
♦s ❞❛❞♦s ❞❛ ❝â♠❡r❛ ❡ ❛r♠❛③❡♥❛ três ✐♠❛❣❡♥s ❡♠ ♠❡♠ór✐❛✳ ❆ ✐♠❛❣❡♠ ♠é❞✐❛ ♥ã♦ ♥❡❝❡ss✐t❛ s❡r
❛r♠❛③❡♥❛❞❛ ♣♦✐s ❝❛❞❛ ♣✐①❡❧ ♣♦❞❡ s❡r ♦❜t✐❞♦ ❛tr❛✈és ❞❛ ♠é❞✐❛ ❞♦s ♣✐①❡❧s ❞❛s ✐♠❛❣❡♥s ❛r♠❛③❡♥❛❞❛s
à ♠❡❞✐❞❛ q✉❡ ❢♦r ♥❡❝❡ssár✐♦✳
❆ s❡❧❡çã♦ ❞❡ ✐♠❛❣❡♥s ♣r♦♣í❝✐❛s ❛♦ ♣r♦❝❡ss❛♠❡♥t♦ ❢♦✐ ❢❡✐t♦ ♥♦ ♠♦♠❡♥t♦ ❞❡ ♦❜t❡♥çã♦ ❞❛ ✐♠❛❣❡♠✳
❯♠❛ ♥♦✈❛ ✐♠❛❣❡♠ é ❛r♠❛③❡♥❛❞❛ ♥♦ ❜❧♦❝♦ ♠❛r❝❛❞♦ ❝♦♠♦ bloco❴atual✳ ❆♦ ✜♥❛❧ ❞♦ r❡❝❡❜✐♠❡♥t♦
❞❡st❛✱ ♦ s✐♥❛❧ bloco❴atual ♣❡r♠❛♥❡❝❡ ✐♥❛❧t❡r❛❞♦ ❝❛s♦ ❛ ✐♠❛❣❡♠ ❛♣r❡s❡♥t❡ ❜r✐❧❤♦ ❡①❝❡ss✐✈♦ ♦✉
t❡♠ s❡✉ ✈❛❧♦r ❛✉♠❡♥t❛❞♦ ❞❡ ✶ ❝❛s♦ ❝♦♥trár✐♦✳ ❙❡ bloco❴atual ♣❡r♠❛♥❡❝❡ ❝♦♠ ♦ ♠❡s♠♦ ✈❛❧♦r✱ ❛
✐♠❛❣❡♠ r❡❝❡❜✐❞❛ ♠❛✐s r❡❝❡♥t❡♠❡♥t❡ é s♦❜r❡s❝r✐t❛ ♣❡❧❛ ♥♦✈❛ ✐♠❛❣❡♠ q✉❡ s❡rá r❡❝❡❜✐❞❛ ❡♠ s❡❣✉✐❞❛✳
❙❡ bloco❴atual ❢♦r ❛❝r❡s❝✐❞♦✱ ❡♥tã♦ ❛ ✐♠❛❣❡♠ ♠❛✐s ❛♥t✐❣❛ é s♦❜r❡s❝r✐t❛✳ ❉❡st❛ ❢♦r♠❛✱ à ♣❛rt✐r ❞❛
t❡r❝❡✐r❛ ✐♠❛❣❡♠ s❡♠♣r❡ ❤á três ✐♠❛❣❡♥s út❡✐s ❝❛rr❡❣❛❞❛s ❡ ✉♠❛ s❡♥❞♦ r❡❝❡❜✐❞❛✳
P❛r❛ q✉❡ ✐st♦ ❢♦ss❡ ♣♦ssí✈❡❧ ❞✉r❛♥t❡ ❛ s✐♠✉❧❛çã♦✱ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞♦ ✉♠ ❜❧♦❝♦ ❞❡ ❘❆▼ ✉t✐❧✐③❛♥❞♦
✉♠❛♠❡❣❛❢✉♥❝t✐♦♥ ❞♦ ◗✉❛rt✉s ■■✳ ❖ t❛♠❛♥❤♦ ❞❡st❛ ♠❡♠ór✐❛ ❝❛❧❝✉❧❛❞♦ ♣❛r❛ ❛r♠❛③❡♥❛r q✉❛tr♦ ✈❡③❡s
❛ q✉❛♥t✐❞❛❞❡ ❞❡ ❜✐ts ❞❡ ✉♠❛ ✐♠❛❣❡♠✳ P❛r❛ ♦s ♣r✐♠❡✐r♦s ❡stá❣✐♦s ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ t❡st❡✱ ❢♦r❛♠
✉t✐❧✐③❛❞❛s ✐♠❛❣❡♥s ❞❡ ✷✾✻①✷✻✹ ♣✐①❡❧s r❡❞✉③✐❞❛s ❛ ✻✵①✻✵ ♣✐①❡❧s ✭♣❛r❛ ❡❝♦♥♦♠✐❛ ❞❡ t❡♠♣♦ ❡ ♠❡❧❤♦r
✈✐s✉❛❧✐③❛çã♦ ❞❛ s✐♠✉❧❛çã♦✮✳ ❖ t❛♠❛♥❤♦ ❞❡st❛ ♠❡♠ór✐❛ ❞❡✈❡r✐❛ ❝♦♠♣♦rt❛r 60 × 60 × 4 = 1440B✱
♣♦rt❛♥t♦ ❢♦✐ ✉t✐❧✐③❛❞❛ ✉♠❛ ♠❡♠ór✐❛ ❞❡ ✶✻ ❑❇✳
❖ ✐♥t❡r❡ss❛♥t❡ ❞❡ss❛ ✐♠♣❧❡♠❡♥t❛çã♦ é q✉❡ ♦ ❡♥❞❡r❡ç❛♠❡♥t♦ ❞❡ ❧❡✐t✉r❛ ❡ ❡s❝r✐t❛ ♣♦❞❡ ✉t✐❧✐③❛r
❞✐r❡t❛♠❡♥t❡ ♦ s✐♥❛❧ bloco❴atual ❝♦♠ ✉♠❛ s✐♠♣❧❡s ❝♦♥❝❛t❡♥❛çã♦✱ ♦ q✉❡ ♣♦✉♣❛ ♦♣❡r❛çõ❡s ♥❛ ✐♠♣❧❡✲
♠❡♥t❛çã♦ ❡♠ ❱❍❉▲ ❡ r❡❝✉rs♦s ♥❛ ♣❧❛❝❛✳
❈♦♠♦ s❡rá ✈✐st♦ ♠❛✐s ❞❡t❛❧❤❛❞❛♠❡♥t❡ ❛❜❛✐①♦ ❡♠ ✸✳✹✳✻✱ ♦s ❝á❧❝✉❧♦s ❡ ♦♣❡r❛çõ❡s sã♦ ❢❡✐t♦s ❛ ❝❛❞❛
♥♦✈♦ ♣✐①❡❧ ❞✉r❛♥t❡ ♦ ❝❛rr❡❣❛♠❡♥t♦ ❞❡ ✉♠❛ ✐♠❛❣❡♠✳ ❆ss✐♠✱ ❛ ♠é❞✐❛ ❞❡ ❝❛❞❛ ♣✐①❡❧ ❞❛s ú❧t✐♠❛s
três ✐♠❛❣❡♥s ✈á❧✐❞❛s ❞❡✈❡ s❡r ❝❛❧❝✉❧❛❞❛ ❛ ❝❛❞❛ ❝✐❝❧♦ ❞❡ ❝❧♦❝❦✳ ❈♦♠♦ ♦s ✈❛❧♦r❡s ❛❜s♦❧✉t♦s ♥ã♦ sã♦
❞❡ ✐♥t❡r❡ss❡ ❞✉r❛♥t❡ ♦s ❝á❧❝✉❧♦s ✜❝♦✉ ❞❡❝✐❞✐❞♦ q✉❡ ❛ s♦♠❛ ❞❛s três ✐♠❛❣❡♥s s❡r✐❛ s✉✜❝✐❡♥t❡✱ ♦ q✉❡
❡✈✐t❛ ✉♠❛ ❞✐✈✐sã♦ ❞❡s♥❡❝❡ssár✐❛✳





❋✐❣✉r❛ ✸✳✶✵✿ ❋✉♥❝✐♦♥❛♠❡♥t♦ ❞♦s ❜❧♦❝♦s ❞❡ ♠❡♠ór✐❛✳
❡♥❞❡r❡ç♦s ❞❡ ♠❡♠ór✐❛ ♣♦❞❡✐r❛ ❝♦♥s✉♠✐r ♠✉✐t♦ t❡♠♣♦ ❡ t❛❧✈❡③ s❡ t♦r♥❛r ♣r♦✐❜✐t✐✈♦ ❝❛s♦ s❡ ❞❡s❡❥❡
✉♠❛ q✉❛♥t✐❞❛❞❡ ♠❛✐♦r ❞❡ ✐♠❛❣❡♥s ♥♦ ✜❧tr♦ ❞❡ ♠é❞✐❛✳ ❆ s♦❧✉çã♦ ♣❛r❛ ❡st❡ ♣r♦❜❧❡♠❛ ❢♦✐ ✉t✐❧✐③❛r
✉♠❛ ❡s♣é❝✐❡ ❞❡ ♠é❞✐❛ ♠ó✈❡❧ ♥♦s s✐♥❛✐s q✉❡ sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ♦s ❝á❧❝✉❧♦s✳ ❊♠ ✈❡③ ❞❡ s❡ ❢❛③❡r
❛ ❧❡✐t✉r❛ ❞❡ ❞♦✐s ❡♥❞❡r❡ç♦s ❞❡ ♠❡♠ór✐❛ ♠❛✐s r❡❝❡♥t❡s ♣❛r❛ s♦♠á✲❧♦s ❝♦♠ ♦ ♥♦✈♦ ♣✐①❡❧ r❡❝❡❜✐❞♦
✭dado❴escrita✮✱ ❢♦✐ ❢❡✐t❛ ❛♣❡♥❛s ❛ ❧❡✐t✉r❛ ❞♦ ♠❛✐s ❛♥t✐❣♦ ♣❛r s❡r s✉❜tr❛í❞♦ ❞❛ s♦♠❛✳ P♦r ❡①❡♠♣❧♦✿
q✉❛♥❞♦ ❡r❛ ❢❡✐t♦ ♦ r❡❝❡❜✐♠❡♥t♦ ❞❡ ✉♠ ♣✐①❡❧ ❞❛ ❧✐♥❤❛ linha✱ ❝♦❧✉♥❛ coluna ♦ ✈❛❧♦r ❞♦ ❡❧❡♠❡♥t♦
somaHor(linha) ❡r❛ ❛t✉❛❧✐③❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿
somaHor(linha) = somaHor(linha) + dado❴escrita− q(bloco❴atual − 3, linha, coluna) ✭✸✳✶✮
❖♥❞❡ q é ♦ ❜②t❡ ❛r♠❛③❡♥❛❞♦ ♥♦ ❡♥❞❡r❡ç♦ ❞❡ ♠❡♠ór✐❛ ❞❛❞♦ ♣♦r bloco❴atual ❝♦♥❝❛t❡♥❛❞♦ ❝♦♠
✺✷
linha× numcols+ coluna✱ s❡♥❞♦ numcols ❛ ❧❛r❣✉r❛ ❞❛ ✐♠❛❣❡♠✳
✸✳✹✳✻ ❈á❧❝✉❧♦ ❞❡ t♦♣♦ ❡ ❜❛s❡ ❞♦ ❛r❛♠❡
❖s ❞❛❞♦s ❞❡ t♦♣♦ ❡ ❜❛s❡ ❞♦ ❛r❛♠❡ ❢♦r❛♠ ♦❜t✐❞♦s ❝♦♠ ❛ ♠❡s♠❛ ❧ó❣✐❝❛ ❝r✐❛❞❛ ♣❛r❛ ▼❛t❧❛❜ ❡
❞❡ ❢♦r♠❛ s❡q✉❡♥❝✐❛❧✳ ❋♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ♣r♦❝❡ss♦ q✉❡ t❡♠ coluna✱ linha ❡ in❴clock ❝♦♠♦ ❧✐st❛ ❞❡
s❡♥s✐t✐✈✐❞❛❞❡✳ ❖s s✐♥❛✐s coluna ❡ linha ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ✐❞❡♥t✐✜❝❛r ❛ ♣♦s✐çã♦ q✉❡ ♦ ❛❧❣♦r✐t♠♦
❡stá ♥❛ ✐♠❛❣❡♠ ❡ ♦ in❴clock é ♦ ❝❧♦❝❦ ❞❡ ❡♥tr❛❞❛ ❞❛ ❝â♠❡r❛ ❡ ❞❡✜♥❡ ♦ ✜♠ ❡ ♦ ❝♦♠❡ç♦ ❞❛ tr❛♥s♠✐ssã♦
❞❡ ❝❛❞❛ ♣✐①❡❧✳
❋♦r❛♠ ❝r✐❛❞♦s ♦s ♠❡s♠♦s ✈❡t♦r❡s somaHor ❡ ♦ derivadaHor ❛♠❜♦s ❞♦ t✐♣♦ vetorHor✳ ❈♦♠♦
❝✐t❛❞♦ ❡♠ ✸✳✹✳✺ ♦s ❡❧❡♠❡♥t♦s ❞❡ somaHor sã♦ ❝❛❧❝✉❧❛❞♦s ❛ ❝❛❞❛ ♣✐①❡❧ r❡❝❡❜✐❞♦✳
➱ ♥❡st❛ ❡t❛♣❛ ♦♥❞❡ ❛ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s é r❡❛❧♠❡♥t❡ ❛♣❧✐❝❛❞❛✳ ❖ ✈❡t♦r somaHor é s❡♠♣r❡
❛❝r❡s❝✐❞♦ ❞♦ ✈❛❧♦r ❞♦ ♣✐①❡❧ r❡❝❡❜✐❞♦ ❡ s✉❜tr❛í❞♦ ❞♦ ♣✐①❡❧ ♠❛✐s ❛♥t✐❣♦ ❛r♠❛③❡♥❛❞♦ ♥❛ ♠❡♠ór✐❛✱
r❡❝❡❜✐❞♦ ❝♦♠♦ ❡♥tr❛❞❛ ♥♦ s✐♥❛❧ q✳
❖s ✈❛❧♦r❡s ❞❡ derivadaHor ❛♣❡♥❛s sã♦ ❝❛❧❝✉❧❛❞♦s ❛♦ ✜♥❛❧ ❞❛ ❧❡✐t✉r❛ ❞❡ ❝❛❞❛ ❧✐♥❤❛✳ ❆♦ ♠❡s♠♦
t❡♠♣♦ sã♦ ❞❡✜♥✐❞♦s ♦s ✈❛❧♦r❡s posArameTopo ❡ posArameBase ❝♦♠ s✐♠♣❧❡s t❡st❡s t❛♠❜é♠ ❛♦
✜♥❛❧ ❞❡ ❝❛❞❛ ❧✐♥❤❛✳ ❆ ❞❡r✐✈❛❞❛ ♥♦ í♥❞✐❝❡ ❞❛ ❧✐♥❤❛ ✜♥❛❧✐③❛❞❛✱ derivadaHor(linha) é t❡st❛❞❛ ♣❛r❛
s❡ ❞❡✜♥✐r ❛s ♠❡❞✐❞❛s ❜✉s❝❛❞❛s✳ ❆♦ ✜♥❛❧ ❞❛ ✐♠❛❣❡♠ ❡st❡s ✈❛❧♦r❡s ❥á ❡stã♦ ❞❡✈✐❞❛♠❡♥t❡ ❝❛❧❝✉❧❛❞♦s✳
✸✳✹✳✼ ❇♦r❞❛s ❞❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠
❆ ❧ó❣✐❝❛ ♣❛r❛ ❡st❡ ❝á❧❝✉❧♦ é s❡♠❡❧❤❛♥t❡ à ♦❜t❡♥çã♦ ❞♦ t♦♣♦ ❡ ❜❛s❡ ❞♦ ❡❧❡tr♦❞♦ ♥❛ s❡çã♦ ✸✳✹✳✻✱
♣♦ré♠ ❛s ❜♦r❞❛s ❞❛ ♣♦ç❛ sã♦ ❝❛❧❝✉❧❛❞❛s ❛♣❡♥❛s ❛♦ s❡ r❡❝❡❜❡r ❛ ú❧t✐♠❛ ❧✐♥❤❛ ❞❡ ✉♠❛ ✐♠❛❣❡♠✳ ❊st❡
♣r♦❝❡ss♦ ♦❝♦rr❡ ❞❡ss❛ ❢♦r♠❛ ♣♦✐s ♦s ❡❧❡♠❡♥t♦s ❞♦ ✈❡t♦r somaV ert só tê♠ s❡✉s ✈❛❧♦r❡s ❞❡✜♥✐❞♦s
♥❛ ú❧t✐♠❛ ❧✐♥❤❛✳ ❈♦♥s❡q✉❡♥t❡♠❡♥t❡ ♦ ✈❡t♦r derivadaV ert só ♣♦❞❡ s❡r ❞❡✜♥✐❞♦ t❛♠❜é♠ ♥❛ ú❧t✐♠❛
❧✐♥❤❛✳
✸✳✹✳✽ ▲❛t❡r❛✐s ❞♦ ❊❧❡tr♦❞♦
❆s ❧❛t❡r❛✐s ❞♦ ❡❧❡tr♦❞♦ sã♦ ❞❡✜♥✐❞❛s ❡♠ ❞♦✐s ❡stá❣✐♦s ❞✐❢❡r❡♥t❡s✳ Pr✐♠❡✐r♦ ♦s ♣♦♥t♦s ♣r♦✈á✈❡✐s
❞❡st❛s ❧❛t❡r❛✐s sã♦ ❡♥❝♦♥tr❛❞♦s✱ ❞❡♣♦✐s é ❝❛❧❝✉❧❛❞❛ ❛ ❡q✉❛çã♦ ❞❡ r❡t❛ q✉❡ ❞❡s❝r❡✈❡ ❡ss❛s ❧❛t❡r❛✐s✳
❖ ❝á❧❝✉❧♦ ❞❡st❛ ❡q✉❛çã♦ ❞❡ r❡t❛ é ❞❡s❝r✐t❛ ❡♠ ✸✳✹✳✽✳✶✳
P❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦s ♣♦♥t♦s é ❢❡✐t❛ ❛ ❞❡r✐✈❛❞❛ ♣✐①❡❧ ❛ ♣✐①❡❧ ♥❛ ❞✐r❡çã♦ ❤♦r✐③♦♥t❛❧✱ ❛ ❝❛❞❛ ❧✐♥❤❛✳
◗✉❛♥❞♦ ❡ss❛ ❞❡r✐✈❛❞❛ ❛t✐♥❣❡ ✉♠ ♠í♥✐♠♦ ♦✉ ♠á①✐♠♦ ❧♦❝❛❧✱ ♦ ✈❡t♦r inicioArame0 t❡♠ s❡✉ ✈❛❧♦r
❞❡✜♥✐❞♦ ♥♦ í♥❞✐❝❡ ❞❛q✉❡❧❛ ❧✐♥❤❛ ❝♦♠♦ ❛ ❝♦❧✉♥❛ ♦♥❞❡ ♦❝♦rr❡✉ ♦ ♠í♥✐♠♦ ♦✉ ♦ ♠á①✐♠♦✳
P❛r❛ q✉❡ s❡❥❛ ❛♣❧✐❝❛❞❛ ❛ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s✱ é ♥❡❝❡ssár✐♦ ❛r♠❛③❡♥❛r ❝ó♣✐❛s ❞❡ss❡ ✈❡t♦r ♣❛r❛
❝❛❞❛ ♥♦✈❛ ✐♠❛❣❡♠✱ sã♦ ❛t✉❛❧✐③❛❞♦s ❡♠ ❢♦r♠❛ ❞❡ ♠é❞✐❛ ♠ó✈❡❧✳ ❈♦♠♦ quantidadeImagens = 3✱
sã♦ ♥❡❝❡ssár✐♦s ♠❛✐s três ✈❡t♦r❡s✳ ❆s ❜♦r❞❛s ❞♦ ❡❧❡tr♦❞♦ sã♦ ❞❡✜♥✐❞❛s ❝♦♠♦ ❛ ♠é❞✐❛ ❞♦s três
✈❡t♦r❡s ❡♥tr❡ ♦s í♥❞✐❝❡s posArameTopo ❡ posArameBase✳
✺✸
✸✳✹✳✽✳✶ ❘❡❣r❡ssã♦ ❧✐♥❡❛r
❊st❛ r❡❣r❡ssã♦ é ❢❡✐t❛ ❞❡ ❢♦r♠❛ s✐♠♣❧✐✜❝❛❞❛ ♣❛r❛ ♣♦✉♣❛r ❡❧❡♠❡♥t♦s ✉t✐❧✐③❛❞♦s ♥❛ ♣❧❛❝❛ ❡ ❞✐♠✐♥✉✐r
♦ t❡♠♣♦ ❞❡ ❝á❧❝✉❧♦✳ P❛r❛ t❛♥t♦ ❢♦✐ ❞❡❝✐❞✐❞♦ q✉❡ s❡r✐❛♠ ✉t✐❧✐③❛❞♦s ❛♣❡♥❛s ✉♠❛ q✉❛♥t✐❞❛❞❡ ❧✐♠✐t❛❞❛
❞❡ ♣♦♥t♦s ♣♦r r❡t❛ ♥♦ ♠♦♠❡♥t♦ ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦✳ ❊ss❛ q✉❛♥t✐❞❛❞❡ ❢♦✐ ❛ ♣r✐♥❝í♣✐♦ ❞❡✜♥✐❞❛ ❝♦♠♦
qtdPontosArame = 16 ♣❛r❛ ❛ s✐♠✉❧❛çã♦ ❝♦♠ ✐♠❛❣❡♥s ❞❡ ✻✵①✻✵ ♣✐①❡❧s✳ ❊st❡ ✈❛❧♦r ❢♦✐ ❡s❝♦❧❤✐❞♦ ♣♦r
s❡r ✉♠❛ ♣♦tê♥❝✐❛ ❞❡ ✷ ❡ t❛♠❜é♠ ♣♦r t❡r s✐❞♦ t❡st❛❞♦ ❝♦♠ ♦ ♣r♦❣r❛♠❛ ❡♠ ▼❛t❧❛❜✱ ❝♦♠ r❡s✉❧t❛❞♦s
s❛t✐s❢❛tór✐♦s✳
❊st❛ ❢♦r♠❛ ❞❡ s❡ ❝❛❧❝✉❧❛r ♣❡r♠✐t❡ q✉❡ s❡❥❛ ✉t✐❧✐③❛❞♦ ♦ ♠ét♦❞♦ ❞❡s❝r✐t♦ ❡♠ ✷✳✻✳✶✳ ❆s ❝♦♥st❛♥t❡s
✉t✐❧✐③❛❞❛s ♣❛r❛ ❛s ♠✉❧t✐♣❧✐❝❛çõ❡s ♣❡❧♦s s♦♠❛tór✐♦s sã♦ ♣r❡✈✐❛♠❡♥t❡ ❝❛❧❝✉❧❛❞❛s ♥♦ ♠♦♠❡♥t♦ ❞♦
❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦ ❝ó❞✐❣♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛s ❡q✉❛çõ❡s ✷✳✹✺✱ ❡ ✷✳✹✻✳
❈♦♠♦ ♦s ✈❛❧♦r❡s ❞❡st❛s ❝♦♥st❛♥t❡s sã♦ q✉❛s❡ s❡♠♣r❡ ♠✉✐t♦ ♣❡q✉❡♥♦s ✭❞❛ ♦r❞❡♠ ❞❡ 10−4 ♣❛r❛ ✶✻
♣♦♥t♦s✮✱ ❡ss❡s ✈❛❧♦r❡s ❢♦r❛♠ ♠✉❧t✐♣❧✐❝❛❞♦s ♣♦r ♣♦tê♥❝✐❛s ❞❡ ✷ ♣❛r❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s ♥❛ ♠✉❧t✐♣❧✐❝❛çã♦
♣❡❧♦s s♦♠❛tór✐♦s✳ ❊ss❛s ♣♦tê♥❝✐❛s ❞❡ ✷ ❡q✉✐✈❛❧❡♠ ❛ s❤✐❢ts ♣❛r❛ ❛ ❡sq✉❡r❞❛ ♥❛s ❝♦♥st❛♥t❡s✳ ❖
r❡s✉❧t❛❞♦ ❞❡ ❝❛❞❛ ✉♠❛ ♣❛ss❛ ♣♦st❡r✐♦r♠❡♥t❡ ♣♦r ✉♠ s❤✐❢t ♣❛r❛ ❛ ❞✐r❡✐t❛ ❡q✉✐✈❛❧❡♥t❡s à ♣♦tê♥❝✐❛
♣❡❧❛ q✉❛❧ ❢♦r❛♠ ♠✉❧t✐♣❧✐❝❛❞❛s ❛s ❝♦♥st❛♥t❡s✳
❖s ✈❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s ♣❛r❛ ❛s ❝♦♥t❛♥t❡s ♣❛r❛ ✶✻ ♣♦♥t♦s✱ ❝♦♠ s❡✉s ♣r♦♣♦r❝✐♦♥❛✐s ✉t✐❧✐③❛❞♦s ♥❛
♥♦ ❝ó❞✐❣♦ ❱❍❉▲✱ ❡ ❛s q✉❛♥t✐❞❛❞❡s ❞❡ s❤✐❢ts sã♦ ❞❡s❝r✐t♦s ♥❛ t❛❜❡❧❛ ✸✳✸✳ ➱ ✐♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡
♦s ✈❛❧♦r❡s ✐♥t❡✐r♦s ❢♦r❛♠ t♦❞♦s ❝❛❧❝✉❧❛❞♦s ❞❡ ❢♦r♠❛ ❛ s❡ ♦❜t❡r ❛ ♠á①✐♠❛ ♣r❡❝✐sã♦ ❝♦♠ ✶✽ ❜✐ts✱ ♣♦✐s
♦s ♠✉❧t✐♣❧✐❝❛❞♦r❡s ❞❛ ♣❧❛❝❛ ✉t✐❧✐③❛❞❛ sã♦ ❞❡ ✶✽①✶✽ ❜✐ts✳
❉❡s❝r✐çã♦ ❱❛❧♦r ■♥t❡✐r♦ ✉s❛❞♦ ❯t✐❧✐③❛❞❛ ❝♦♠ ❢❛t♦r
❝♦♥st❘❡❣r❡ss❛♦✶ ✵✱✵✵✷✾ 0, 0029 ∗ 226 ❛
❝♦♥st❘❡❣r❡ss❛♦✷ ✵✱✵✷✷✶ 0, 0221 ∗ 223 ❛✱❜
❝♦♥st❘❡❣r❡ss❛♦✸ ✵✱✷✷✼✾ 0, 2279 ∗ 220 ❜
❚❛❜❡❧❛ ✸✳✸✿ ❈♦♥st❛♥t❡s ✉t✐❧✐③❛❞❛s ❡♠ r❡❣r❡ssã♦ ❝♦♠ ✶✻ ♣♦♥t♦s
❖s s♦♠❛tór✐♦s sã♦ ❝❛❧❝✉❧❛❞♦s ❝♦♠ ♦s ✈❛❧♦r❡s ❞♦s ✈❡t♦r❡s inicioArame ❡ fimArame ❡♥tr❡ ♦s
í♥❞✐❝❡s posArameTopo ❡ posArameBase✳ ❆ss✐♠ ❝♦♠♦ ♥♦ ❛❧❣♦r✐t♠♦ ♣❛r❛ ▼❛t❧❛❜✱ ❛q✉✐ t❛♠❜é♠
❢♦✐ ✉t✐❧✐③❛❞♦ ✉♠ ❛❢❛st❛♠❡♥t♦ ❡♥tr❡ ♦ t♦♣♦ ❡ ❛ ❜❛s❡ ♣❛r❛ s❡ ❡✈✐t❛r ♦s ❝❛♥t♦s ♦♥❞❡ ♣♦❞❡♠ ❤❛✈❡r
✐♥❝♦♥s✐stê♥❝✐❛s✳ ❊st❡ ❢♦✐ ❞❡✜♥✐❞♦ ✐♥✐❝✐❛❧♠❡♥t❡ ❝♦♠♦ afastamento = 2 ♣❛r❛ ❛ ✐♠❛❣❡♠ ❞❡ ✻✵①✻✵
♣✐①❡❧s✳
P❛r❛ ❛ ❞❡✜♥✐çã♦ ❞♦s í♥❞✐❝❡s ♥♦s ✈❡t♦r❡s inicioArame ❡ fimArame q✉❡ s❡r✐❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛
❛ ❧❡✐t✉r❛ ❞♦s ✈❛❧♦r❡s✱ ❢♦✐ ❢❡✐t♦ ✉♠ ♣r♦❝❡ss♦ s❡♠❡❧❤❛♥t❡ ❛♦ ✉t✐❧✐③❛❞♦ ❝♦♠ ❛s ♠✉❧t✐♣❧✐❝❛çõ❡s ❞❡ ❝♦♥✲
st❛♥t❡s ❛❝✐♠❛✳ ■st♦ ❢♦✐ ♥❡❝❡ssár✐♦ ♣❛r❛ s❡ ✉t✐❧✐③❛r ✉♠❛ q✉❛♥t✐❞❛❞❡ ❧✐♠✐t❛❞❛ ❞❡ ♣♦♥t♦s ❞✐str✐❜✉í❞♦s ♦
♠❛✐s ❤♦♠♦❣❡♥❡❛♠❡♥t❡ ♣♦ssí✈❡❧ ❡♥tr❡ ❞♦✐s ❧✐♠✐t❡s✱ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♣♦♥t♦s ✢✉t✉❛♥t❡s✳ P❛r❛ ♠❡❧✲
❤♦r ❞❡♠♦str❛r ♦ ♣r♦❜❧❡♠❛✿ ■♠❛❣✐♥❡ q✉❡ s❡ ❞❡s❡❥❛ ✶✻ í♥❞✐❝❡s ✐♥t❡✐r♦s ❞✐str✐❜✉í❞♦s ❡♥tr❡ ♦s ✈❛❧♦r❡s
✶✹ ❡ ✹✷ ❞❡ ❢♦r♠❛ ♠❛✐s ❤♦♠♦❣ê♥❡❛ ♣♦ssí✈❡❧ ❝♦♠ ❢❡rr❛♠❡♥t❛s q✉❡ ♥ã♦ ♣❡r♠✐t❡♠ ♦ ✉s♦ ❞❡ ♥ú♠❡r♦s
❢r❛❝✐♦♥ár✐♦s✳
❆ s♦❧✉çã♦ ❡♥❝♦♥tr❛✲s❡ ❡♠ ✉t✐❧✐③❛r ✈❛❧♦r❡s ✐♥t❡✐r♦s ❡ s❤✐❢ts✳ ◆❡st❡ ❝❛s♦ ❡s♣❡❝í✜❝♦ ❛s ✈❛r✐á✈❡✐s ❞❡
❡♥tr❛❞❛✱ posArameTopo✱ posArameBase✱ qtdPontosArame ❡ afastamento sã♦ t♦❞❛s ✐♥t❡✐r❛s✳ ❖
✺✹
q✉❡ s❡ ♥❡❝❡ss✐t❛ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞♦ ♥✲és✐♠♦ í♥❞✐❝❡ ♣♦❞❡ s❡r ♠❡❧❤♦r ❡♥t❡♥❞✐❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ✸✳✷✳




❖♥❞❡ i é ♦ ♣r✐♠❡✐r♦ í♥❞✐❝❡ ❞❛ sér✐❡✱ n s❡ r❡❢❡r❡ ❛♦ ♥✲és✐♠♦ ♣♦♥t♦ ❡ intervalo/qtdPontosArame
é ❛ ❞✐❢❡r❡♥ç❛ ❡♥tr❡ ❞♦✐s ♣♦♥t♦s s✉❜s❡q✉❡♥t❡s q✉❡ s❡ ❞❡s❡❥❛ ♥❛ sér✐❡✱ s❡♥❞♦ intervalo ❝❛❧❝✉❧❛❞♦
❛❝♦r❞♦ ❝♦♠ ❛ ❡q✉❛çã♦ ✸✳✸✳
intervalo = posArameBase− posArameTopo− afastamento− afastamento ✭✸✳✸✮
❖ ✈❛❧♦r ❞❡ intervalo ♣r❡❝✐s❛ s❡r s❡♠♣r❡ ✐♥t❡✐r♦ ♣❛r❛ s❡ ♦❜t❡r ✉♠ í♥❞✐❝❡ ✈á❧✐❞♦ ♥♦ ✈❡t♦r✳ ❈❛s♦ ❛
❞✐✈✐sã♦ ♦❝♦rr❛ ❛♥t❡s ❞❛ ♠✉❧t✐♣❧✐❝❛çã♦✱ ♦ ✈❛❧♦r tr✉♥❝❛❞♦ ♣❡r❞❡ ♣r❡❝✐sã♦✳ P♦r ❡st❡ ♠♦t✐✈♦ ❛ ❡q✉❛çã♦
✸✳✷ ❢♦✐ ❛❞❛♣t❛❞❛ ♥❛ ❡q✉❛çã♦ ✸✳✹ ♣❛r❛ ♠❛♥t❡r ♦ ♠❡❧❤♦r ✐♥t❡✐r♦ ♣♦ssí✈❡❧✳
indice = i+ [(n− 1)× intervalo] >> log2(qtdePontosArame) ✭✸✳✹✮
❖ ♦♣❡r❛❞♦r >> ❞❡♥♦t❛ ❛ ♦♣❡r❛çã♦ ❞❡ s❤✐❢t✳ ◆❡st❡ ❝❛s♦✱ s❡rã♦ ❢❡✐t♦s ✹ s❤✐❢ts✱ ♦ q✉❡ ❡q✉✐✈❛❧❡ ❛
✉♠❛ ❞✐✈✐sã♦ ♣♦r ✶✻✳ ❖ r❡s✉❧t❛❞♦ ✜♥❛❧ ♣♦❞❡ s❡r ♥♦r♠❛❧♠❡♥t❡ s♦♠❛❞♦ ❡ ♠✉❧t✐♣❧✐❝❛❞♦ ♣♦r ❢❡rr❛♠❡♥t❛s
❝♦♠✉♥s ❞❛ ❋P●❆✳
❖s ❝♦❡✜❝✐❡♥t❡s ♦❜t✐❞♦s ❝♦♠ ♦ ❝á❧❝✉❧♦ s✐♠♣❧✐✜❝❛❞♦ ❞❡✈❡♠ s❡r ❝♦rr✐❣✐❞♦s ♣♦✐s ❛té ❡st❡ ♣♦♥t♦ ❛s
♦❜s❡r✈❛çõ❡s sã♦ ❝♦♥s✐❞❡r❛❞❛s ❝♦♠♦ t❡♥❞♦ ❛✈❛♥ç♦ ✉♥✐tár✐♦ ♥♦ ❡✐①♦ ❳✱ ❡ ♥ã♦ ❛q✉❡❧❛s ❝❛❧❝✉❧❛❞❛s ♣♦r
intervalo/qtdPontosArame✳ ❖ ♣♦♥t♦ ✐♥✐❝✐❛❧ ♥♦ ❡✐①♦ ❳ t❛♠❜é♠ é t✐❞♦ ❝♦♠♦ ✶ ❡ ♥ã♦ ❝♦♠♦ s❡✉
✈❛❧♦r r❡❛❧ q✉❡ é posArameTopo✳
✸✳✺ ❙✐♠✉❧❛çõ❡s
❆ ♠❛✐♦r ♣❛rt❡ ❞♦ ♣r♦❥❡t♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞❛ s❡♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ♣❧❛❝❛s ❋P●❆ ❡ ❝â♠❡r❛s r❡❛✐s✱
♣♦rt❛♥t♦ ❢♦✐ ❡ss❡♥❝✐❛❧ ♦ ✉s♦ ❞❡ s✐♠✉❧❛çõ❡s✳ ❈❛❞❛ ❝r✐❛çã♦ ♦✉ ❛❧t❡r❛çã♦ ❞❡ ❝ó❞✐❣♦ ❢♦✐ t❡st❛❞❛ ❝♦♠
❛✉①í❧✐♦ ❞❛s s✐♠✉❧❛çõ❡s ❛ ✜♠ ❞❡ ❡✈✐t❛r ❡①❝❡ss✐✈♦ r❡tr❛❜❛❧❤♦ ❡♠ ❝♦rr❡çõ❡s ❞❡ ❡rr♦s✳
❖ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡♠ ▼❛t❧❛❜✱ ✉t✐❧✐③♦✉ ❛rq✉✐✈♦s ❞❡ ✐♠❛❣❡♥s ❝♦♠♦ ❡♥tr❛❞❛✱ ♣♦✐s ♦ s♦❢t✇❛r❡ t❡♠
❞✐✈❡rs❛s ❢✉♥çõ❡s q✉❡ ❢❛❝✐❧✐t❛♠ ❛ ❧❡✐t✉r❛ ❞❡ ❛rq✉✐✈♦s✳ ❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ❋P●❆✱ ♣♦r s✉❛ ✈❡③ é
❜❡♠ ♠❛✐s ❝♦♠♣❧❡①❛ ❡ ✉t✐❧✐③♦✉ ♦ s♦❢t✇❛r❡ ❡①t❡r♥♦ ▼♦❞❡❧s✐♠ ❝♦♠ ❛rq✉✐✈♦s ❞❡ t❡①t♦ ❝♦♠♦ ❡♥tr❛❞❛✳
✸✳✺✳✶ ❙✐♠✉❧❛çõ❡s ❡♠ ▼❛t❧❛❜
❆ s✐♠✉❧❛çã♦ ❡♠ ▼❛t❧❛❜ ♦❝♦rr❡ ❞❡ ❢♦r♠❛ ❜❛st❛♥t❡ s✐♠♣❧❡s✿ ❜❛st❛ r♦❞❛r ♦ ♣r♦❣r❛♠❛ ❣❡r❛❞♦✳ ❋♦✐
♣♦ssí✈❡❧ ❛♣r♦✈❡✐t❛r ❞❛s ❢❛❝✐❧✐❞❛❞❡s ❞♦ s♦❢t✇❛r❡ ♣❛r❛ ✐♠♣r✐♠✐r ❛s ✐♠❛❣❡♥s ❞❡ ❡♥tr❛❞❛ ♣r♦❝❡ss❛❞❛s✱
♦✉ s❡❥❛✱ ❛♣ós ❛ ♣❛ss❛❣❡♠ ❞♦s ✜❧tr♦s ❡ ❝♦♠ ♦s ✈❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s r❡♣r❡s❡♥t❛❞♦s ❣r❛✜❝❛♠❡♥t❡✳
✺✺
❖s ♣r♦❣r❛♠❛s ❞❡s❡♥✈♦❧✈✐❞♦s ❡♠ ▼❛t❧❛❜ ✉t✐❧✐③❛r❛♠ ❞❡ ✐♠❛❣❡♥s ♣r❡✈✐❛♠❡♥t❡ ♦❜t✐❞❛s ❡♠ ♦✉tr♦
tr❛❜❛❧❤♦ ❬✸✷❪✳ ❆ ❝â♠❡r❛ ✉t✐❧✐③❛❞❛ ❢♦✐ ✉♠❛ ❉❆▲❙❆ ❝✐t❛❞❛ ❡♠ ✷✳✺ ❡ ❢♦✐ ♠♦♥t❛❞❛ ❝♦♥❢♦r♠❡ ❛ ✜❣✉r❛
✸✳✾✳
❋✐❣✉r❛ ✸✳✶✶✿ ❆❧t✉r❛ ❞♦ ❡❧❡tr♦❞♦✳
❖ ❡①♣❡r✐♠❡♥t♦ ❡♠ q✉❡stã♦ ❬✸✷❪ ✉t✐❧✐③♦✉ ✉♠ ❡❧❡tr♦❞♦ ❞❡ reletrodo = 1mm ❞❡ ❞✐â♠❡tr♦✱ ❝♦♠
standoff = 15mm✳ P❛rt❡ ❞♦ ❡❧❡tr♦❞♦ ✜❝❛ ❝♦❜❡rt❛ ♣❡❧♦ ❜♦❝❛❧ ♥❛ ❝❛♣t✉r❛ ❞❛s ✐♠❛❣❡♥s✱ ♠❛s s❛❜❡✲s❡
q✉❡ ❛ ❝â♠❡r❛ ❡st❛✈❛ ♣♦s✐❝✐♦♥❛❞❛ ❛ α = 30◦ ❡♠ r❡❧❛çã♦ ❛♦ ♣❧❛♥♦ ❤♦r✐③♦♥t❛❧✳ P❛r❛ ❛ s✐♠♣❧✐✜❝❛çã♦
❞♦ ❝á❧❝✉❧♦ ♥❛ s✐♠✉❧❛çã♦✱ ❝♦♥s✐❞❡r♦✉✲s❡ q✉❡ ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ♦ ❜♦❝❛❧ ❞❛ t♦❝❤❛ ❞❡ s♦❧❞❛❣❡♠ ♣❛r❛ ♦
❡❧❡tr♦❞♦ rbocal = 10mm✳ ❆ ✜❣✉r❛ ✸✳✶✶ ❡①♣❧✐❝✐t❛ ♦ ❝♦♠♦ é ❢❡✐t♦ ♦ ❝á❧❝✉❧♦ ❞❡ h✳ ❆ ❛❧t✉r❛ ❞❛ h ♣❛rt❡
✈✐sí✈❡❧ ❞♦ ❡❧❡tr♦❞♦ é ❞❛❞❛ ♣♦r✿
h = standoff − (rbocal) · sen(α) ✭✸✳✺✮
h = 15− (10− 0, 5) · sen(30) = 10, 25mm ✭✸✳✻✮
❖s ✈❛❧♦r❡s ❞❡ reletrodo ❡ h ❢♦r❛♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❝❛❧❝✉❧❛r ❛ ❞✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛ à ♣❛rt✐r
❞❛s ♣ró♣r✐❛s ✐♠❛❣❡♥s✳ ❆♣❡s❛r ❞❡ ❡ss❛ ♥ã♦ s❡r ❛ ♦♣çã♦ ❞❡s❡❥❛❞❛ ✭♦ ✐❞❡❛❧ s❡r✐❛ ✉♠❛ ❝❛❧✐❜r❛çã♦ ❡♠
s❡♣❛r❛❞♦✮ é s✉✜❝✐❡♥t❡ ♣❛r❛ ♦ ♣r♦♣ós✐t♦ ❞❡ s✐♠✉❧❛çã♦✳
✸✳✺✳✷ ❙✐♠✉❧❛çõ❡s ❡♠ ❋P●❆
■♥✐❝✐❛❧♠❡♥t❡✱ ♦ ❛❧❣♦r✐t♠♦ ❢♦✐ ❞❡s❡♥✈♦❧✈✐❞♦ ❝♦♠♦ s❡ ♦s ❞❛❞♦s ❞❡ ❡♥tr❛❞❛ ✭♣✐①❡❧s✮ ❡ ❝❧♦❝❦ ✈✐❡ss❡♠
❞❡ ❛❧❣✉♠❛ ❢♦r♠❛ ❥á ❞❡ss❡r✐❛❧✐③❛❞♦s ♣❛r❛ ❛ ♣❧❛❝❛✳ ❖✉ s❡❥❛✱ ❤❛✈✐❛ ❛♣❡♥❛s ❛ ❡♥tr❛❞❛ ❞❡ ✉♠ ❝❧♦❝❦
❡ ✉♠ ❜②t❡✱ ❛❧é♠ ❞♦s ♦✉tr♦s s✐♥❛✐s ❞❡ ❝♦♥✜❣✉r❛çã♦✳ ❆s ❡♥t✐❞❛❞❡s ❞❡ ♣r♦❝❡ss❛♠❡♥t♦ ❢♦r❛♠ t♦❞❛s
❢❡✐t❛s ❞❡ ❢♦r♠❛ ❛ r❡❝❡❜❡r ✐♥❢♦r♠❛çõ❡s ❞❡st❛ ❢♦r♠❛ ❣❡♥ér✐❝❛✱ ♦ q✉❡ s❡ ♠♦str♦✉ ❡✜❝✐❡♥t❡ ❛♣ós s❡r❡♠
❝r✐❛❞♦s ♦s ❜❧♦❝♦s ❞❡s❝r✐t♦s ❡♠ ✸✳✹✳✶✳
❉❡ss❛ ❢♦r♠❛ ❢♦r❛♠ ✉t✐❧✐③❛❞❛s ✐♠❛❣❡♥s ♣r❡✈✐❛♠❡♥t❡ ❝❛♣t✉r❛❞❛s ♥♦ tr❛❜❛❧❤♦ ❞❡ ❬✸✷❪✱ ❞❛ ♠❡s♠❛
❢♦r♠❛ q✉❡ ❛s s✐♠✉❧❛çõ❡s ❡♠ ▼❛t❧❛❜✳ P♦ré♠✱ ❛s ✐♠❛❣❡♥s ❢♦r❛♠ tr❛♥s❢♦r♠❛❞❛s ❡♠ ❜❧♦❝♦s ❞❡ t❡①t♦
✺✻
♣❛r❛ ♣♦❞❡r❡♠ s❡r ✉s❛❞❛s ❡♠ ✉♠ ❛rq✉✐✈♦ t❡st❜❡♥❝❤✳
✸✳✺✳✷✳✶ ❈♦♥✈❡rsã♦ ❞❡ ■♠❛❣❡♥s ♣❛r❛ ❙✐♠✉❧❛çã♦
❊st❡ ♣r♦❝❡ss♦ ❢♦✐ ❢❡✐t♦ ❝♦♠ ❛ ❛❥✉❞❛ ❞❡ ✉♠ ♣r♦❣r❛♠❛ ❜❛st❛♥t❡ s✐♠♣❧❡s ❞✐s♣♦♥í✈❡❧ ❡♠ ❞✐str✐❜✉✐çõ❡s
▲✐♥✉①✱ ❝❤❛♠❛❞♦ ✑♦❞✑✳ ❊st❡ ♣r♦❣r❛♠❛ tr❛❞✉③ q✉❛❧q✉❡r t✐♣♦ ❞❡ ❛rq✉✐✈♦✱ ✐♥❝❧✉s✐✈❡ ✐♠❛❣❡♥s✱ ♣❛r❛
❝ó❞✐❣♦s ❤❡①❛❞❡❝✐♠❛✐s✳ ❯♠ ♣❡q✉❡♥♦ s❝r✐♣t ❢♦✐ ❝r✐❛❞♦ ♣❛r❛ ❢❛❝✐❧✐t❛r ❛ ✉t✐❧✐③❛çã♦ ❞♦ ♣r♦❣r❛♠❛✳ ❖
r❡s✉❧t❛❞♦ é ✉♠ ❛rq✉✐✈♦ ❝♦♠ ♣❛❧❛✈r❛s ❤❡①❛❞❡❝✐♠❛✐s s❡♣❛r❛❞❛s ♣♦r ❡s♣❛ç♦s✱ ❝♦♠ ❛ ♠❡s♠❛ q✉❛♥t✐❞❛❞❡
❞❡ ❧✐♥❤❛s ❡ ❝♦❧✉♥❛s q✉❡ ❛ ✐♠❛❣❡♠ ❢♦r♥❡❝✐❞❛✳
❖ t❡①t♦ ❞❡st❡ ❛rq✉✐✈♦ é ❡♥tã♦ ✐♥s❡r✐❞♦ ♥♦ ❛rq✉✐✈♦ ❞❡ t❡st❜❡♥❝❤ ❛ s❡r ❝❛rr❡❣❛❞♦ ♣❡❧♦ ▼♦❞❡❧s✐♠✳
❆❜❛✐①♦ s❡❣✉❡ ✉♠ tr❡❝❤♦ ❞❡ ✐♠❛❣❡♠ ❡♠ ❢♦r♠❛t♦ ❞❡ t❡①t♦ ❤❡①❛❞❡❝✐♠❛❧✳
✵✸ ✵✸ ✵✸ ✵✼ ✵✼ ✵✼ ✸✶ ✸✶ ✸✶
✵✹ ✵✹ ✵✹ ✶❝ ✶❝ ✶❝ ✺❜ ✺❜ ✺❜
✵❜ ✵❜ ✵❜ ✹✾ ✹✾ ✹✾ ✼❞ ✼❞ ✼❞
✷✻ ✷✻ ✷✻ ✼❢ ✼❢ ✼❢ ✽✾ ✽✾ ✽✾
✹✼ ✹✼ ✹✼ ✾✸ ✾✸ ✾✸ ✻❝ ✻❝ ✻❝
◆♦t❡ q✉❡ ❡♠ ❝❛❞❛ ❧✐♥❤❛ ♦s ✈❛❧♦r❡s sã♦ r❡♣❡t✐❞♦s três ❛ três✳ ■ss♦ ❛❝♦♥t❡❝❡ ♣♦✐s ❛s ✐♠❛❣❡♥s
❡st❛✈❛♠ ❛r♠❛③❡♥❛❞❛s ❡♠ ❛rq✉✐✈♦s ❞♦ t✐♣♦ ❜✐t♠❛❜ ❞❡ três ❝♦r❡s ❘●❇✱ ❛♣❡s❛r ❞❡ s❡r❡♠ ✐♠❛❣❡♥s
❡♠ ❡s❝❛❧❛ ❞❡ ❝✐♥③❛✳ ❖✉ s❡❥❛✱ ❝❛❞❛ ✉♠ ❞♦s três ✈❛❧♦r❡s r❡♣❡t✐❞♦s r❡♣r❡s❡♥t❛ ✉♠❛ ❝♦r ❞❡ ✈❡r♠❡❧❤♦✱
✈❡r❞❡ ♦✉ ❛③✉❧✳ ❆♣❡♥❛s r❡t✐r❛♥❞♦ ❞♦✐s ❞❡ ❝❛❞❛ três ❞❡ss❡s ✈❛❧♦r❡s t❡♠✲s❡ ♦ ❞❡s❡❥❛❞♦✳ ❊st❛ ❡t❛♣❛ é
❢❛❝✐❧♠❡♥t❡ ❢❡✐t❛ ❝♦♠ ♦ ✉s♦ ❞❡ ✉♠❛ ❡①♣r❡ssã♦ r❡❣✉❧❛r✱ ♦✉ ❘❡❣❡①✳
❖ r❡s✉❧t❛❞♦ ✜♥❛❧ ❞❡♥tr♦ ❞♦ t❡st❜❡♥❝❤ é ✉♠❛ ♠❛tr✐③ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❡s❡❥❛❞♦s✳ ❊ss❡s ✈❛❧♦r❡s
♣♦❞❡♠ s❡r ❧✐❞♦s ♣♦r ✐♥❞❡①❛çã♦ ❞❡ ❧✐♥❤❛ ❡ ❝♦❧✉♥❛✳ ❆❜❛✐①♦✱ s❡❣✉❡ ♦ ❡①❡♠♣❧♦ ❞♦ ❝♦♠❡ç♦✱ ♠❡✐♦ ❡ ✜♥❛❧
❞❡ ✉♠❛ ❞❡ss❛s ♠❛tr✐③❡s✿
❈❖◆❙❚❆◆❚ ✐♠❛❣❡♠❴t❡st❡✵ ✿ ▼❛tr✐③■♠❛❣❡♠ ✿❂
✭✭ ❳✧✵✸✧✱ ❳✧✵✷✧✱ ❳✧✵✸✧✱ ✳✳✳ ❳✧✵✸✧✱ ❳✧✵✷✧✱ ❳✧✵✸✧✱ ✳✳✳ ❳✧✵✷✧✱ ❳✧✵✸✧✱ ❳✧✵✸✧✮✱
✭ ❳✧✵✸✧✱ ❳✧✵✷✧✱ ❳✧✵✸✧✱ ✳✳✳ ❳✧❞❛✧✱ ❳✧❢✺✧✱ ❳✧❢❡✧✱ ✳✳✳ ❳✧✵✾✧✱ ❳✧✵✸✧✱ ❳✧✵✸✧✮✱
✭ ❳✧✵✸✧✱ ❳✧✵✷✧✱ ❳✧✵✸✧✱ ✳✳✳ ❳✧✵✸✧✱ ❳✧✵✷✧✱ ❳✧✵✸✧✱ ✳✳✳ ❳✧✵✷✧✱ ❳✧✵✸✧✱ ❳✧✵✸✧✮✮❀
✸✳✺✳✷✳✷ ❙✐♥❝r♦♥✐③❛çã♦
❆ ♣r✐♠❡✐r❛ ✈❡rsã♦ ❞♦ t❡st❜❡♥❝❤ ❢♦✐ ❢❡✐t❛ ❞❡ ❢♦r♠❛ ❛ ❢♦r♥❡❝❡r ♦s ♣✐①❡❧s s❡q✉❡♥❝✐❛❧♠❡♥t❡✱ s❡♠ ✉♠
s✐♥❛❧ ❞❡ ✐♥í❝✐♦ ❞❡ ✐♠❛❣❡♠ ♦✉ ❞❡ ❧✐♥❤❛s✳ ■ss♦ ♦❜r✐❣❛✈❛ ♦s ❜❧♦❝♦s q✉❡ ❢✉♥❝✐♦♥❛✈❛♠ ❡♠ ♣❛r❛❧❡❧♦ ❛ ❢❛③❡r
✉♠❛ ❝♦♥t❛❣❡♠ ♣❛r❛ s❛❜❡r q✉❛♥❞♦ ✉♠❛ ✐♠❛❣❡♠ ♦✉ ❧✐♥❤❛s ❛❝❛❜❛✈❛♠ ♦✉ ✐♥✐❝✐❛✈❛♠✳ ❈❛❞❛ ❡♥t✐❞❛❞❡
♣♦ss✉í❛ ✉♠ ✈❛❧♦r ❞❡ linha ❡ ✉♠ ❞❡ coluna ♣❛r❛ ❢❛③❡r ❡ss❛ ❝♦♥t❛❣❡♠✳ ❊ss❛ r❡❞✉♥❞â♥❝✐❛ ❣❡r❛✈❛ ✉♠
❝✉st♦ ❞❡s♥❡❝❡ssár✐♦ ❞❡ r❡❝✉rs♦s✳
▲♦❣♦ ❝❤❡❣♦✉✲s❡ ❛ ❝♦♥❝❧✉sã♦ q✉❡ ❡ss❛ ❛❜♦r❞❛❣❡♠ s❡ t♦r♥❛r✐❛ ✉♠ ♣r♦❜❧❡♠❛ ♥♦ ❝❛s♦ r❡❛❧ ♦♥❞❡ s❡
❞❡s❡❥❛ ♣r♦❝❡ss❛r ❞✉r❛♥t❡ ❛ ❝❛♣t✉r❛ ❞❡ ✐♠❛❣❡♥s✳ ❊♥tã♦ ❢♦r❛♠ ✐♠♣❧❡♠❡♥t❛❞♦s ♦s s✐♥❛✐s FV AL ❡
✺✼






❋♦r❛♠ r❡❛❧✐③❛❞❛s s✐♠✉❧❛çõ❡s ♥❛s ❞✉❛s ❡t❛♣❛s ❞♦ ♣r♦❥❡t♦✳ ❆s ❞✉❛s ✉t✐❧✐③❛r❛♠ ✐♠❛❣❡♥s ❛♥t✐❣❛s
❞♦ tr❛❜❛❧❤♦ ❬✸✷❪✱ ❝♦♠♦ ♠❡♥❝✐♦♥❛❞♦ ❛♥t❡r✐♦r♠❡♥t❡✳ ❆s s✐♠✉❧❛çõ❡s ♦❝♦rr❡r❛♠ t❛♠❜é♠ ❞✉r❛♥t❡ ❛
❢♦r♠✉❧❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❡ ❝♦♥tr✐❜✉ír❛♠ ♣❛r❛ ❛s ❡s❝♦❧❤❛s ❞❡ ♣❛râ♠❡tr♦s ❡ ✜❧tr♦s ✉t✐❧✐③❛❞♦s✳
✹✳✷ ❆✈❛❧✐❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❡♠ ▼❛t❧❛❜
❆s ✐♠❛❣❡♥s ✉t✐❧✐③❛❞❛s ♣❛r❛ ✈❛❧✐❞❛r ♦ ❛❧❣♦r✐t♠♦ sã♦ ♣r♦✈❡♥✐❡♥t❡s ❞♦ tr❛❜❛❧❤♦ ❬✸✷❪✳ ❈❛❞❛ ✉♠❛
t❡♠ ✷✾✻①✷✻✹ ♣✐①❡❧s ❡♠ ♥í✈❡✐s ❞❡ ❝✐♥③❛✳
❆s s❡çõ❡s ✹✳✷✳✷ ❛ ✹✳✷✳✺ ✉t✐❧✐③❛♠ três ✐♠❛❣❡♥s ♣❛r❛ ❞❡♠♦♥str❛r ❛ s❡q✉ê♥❝✐❛ ❞♦ ❛❧❣♦r✐t♠♦✱ ♣❛ss♦
❛ ♣❛ss♦✳ ❊ss❛s sã♦ ❛s ❞❡ ♥ú♠❡r♦ ✹✹✵ ❛ ✹✹✷✱ ❡♠ ✉♠❛ ✜❧♠❛❣❡♠ ❞❡♥♦♠✐♥❛❞❛ ✑❘❡s✉❧t❛❞♦s ❋✐❧tr♦
❆❞❛♣t❛t✐✈♦✑ ❡ ❢♦r❛♠ ❝❛♣t✉r❛❞❛s ❛ ✉♠❛ t❛①❛ ❞❡ ✶✵✵✵ ❋P❙✳
✹✳✷✳✶ ❙❡❧❡çã♦ ❞❡ ✐♠❛❣❡♥s
P❛r❛ ❛ ✈❛❧✐❞❛çã♦ ❞❡st❛ ❡t❛♣❛ sã♦ ✉t✐❧✐③❛❞❛s ❛s ✐♠❛❣❡♥s ❞❡ ♥ú♠❡r♦ ✷✵✵✵ ❛ ✷✾✾✾ ❞❛ ✜❧♠❛❣❡♠
♥ã♦ s✐♥❝r♦♥✐③❛❞❛ ❛ ✶✵✵✵ ❋P❙✳ ❆❧❣✉♠❛s ❞❡ss❛s ✐♠❛❣❡♥s ❡stã♦ ❡♠ s❡q✉ê♥❝✐❛ ♥❛ ✜❣✉r❛ ✸✳✷✳ ❆ ✜❣✉r❛
✹✳✶ ▼♦str❛ q✉❛✐s ✐♠❛❣❡♥s ❢♦r❛♠ s❡❧❡❝✐♦♥❛❞❛s ♣❛r❛ s❡ ❢❛③❡r ♦ ♣r♦❝❡ss❛♠❡♥t♦✳ ❖ ❢❛t♦r ❞❡ ❜r✐❧❤♦
✉t✐❧✐③❛❞♦ ♣❛r❛ ❡st❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♠❛❣❡♥s é ❞❡ ✷✵✪✳
❋✐❣✉r❛ ✹✳✶✿ ■♠❛❣❡♥s s❡❧❡❝✐♦♥❛❞❛s ❝♦♠ ❢❛t♦r ❜r✐❧❤♦ ❞❡ ✷✵✪
✺✾
✹✳✷✳✷ ❋✐❧tr♦s
❊st❛ s❡çã♦ ❢❛③ ✉♠❛ ❝♦♠♣❛r❛çã♦ ❞❡ ✐♠❛❣❡♥s ❝♦♠ ❡ s❡♠ ♦s ✜❧tr♦s s❡❧❡❝✐♦♥❛❞♦s✳ ❆s ✐♠❛❣❡♥s ❢♦r❛♠
❡s❝♦❧❤✐❞❛s ♣r♦♣♦s✐t❛❧♠❡♥t❡ ♣❛r❛ ❛ ❛♣r❡s❡♥t❛çã♦ ❞❡st❡s r❡s✉❧t❛❞♦s ❞❡ ❢♦r♠❛ ❛ r❡ss❛❧t❛r ❛ ✐♠♣♦rtâ♥❝✐❛
❞❡ ❝❛❞❛ ✜❧tr♦✳ ❚♦❞❛s ❛s ✐♠❛❣❡♥s ❞❡st❛ s❡çã♦ tê♠ ❛s ✐♥❢♦r♠❛çõ❡s r❡❧❡✈❛♥t❡s ❛♣r❡s❡♥t❛❞❛s ♣♦r ♠❡✐♦
❞❡ ❧✐♥❤❛s ❝♦❧♦r✐❞❛s✳ ❊ss❛s ❧✐♥❤❛s sã♦✿
• ❆③✉❧ ❤♦r✐③♦♥t❛❧✿ t♦♣♦ ❡ ❜❛s❡ ❞♦ ❡❧❡tr♦❞♦ ❞❡ s♦❧❞❛❀
• ❆♠❛r❡❧♦ tr❛❝❡❥❛❞♦ ✈❡rt✐❝❛❧✿ ❜♦r❞❛s ❞❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠
• ❱❡r♠❡❧❤♦✿ ♣♦s✐çõ❡s ❞❛ ❧❛t❡r❛❧ ❡sq✉❡r❞❛ ❞♦ ❡❧❡tr♦❞♦❀
• ❱❡r❞❡✿ ♣♦s✐çõ❡s ❞❛ ❧❛t❡r❛❧ ❞✐r❡✐t❛ ❞♦ ❡❧❡tr♦❞♦❀
• ❆③✉❧ ♦❜❧íq✉♦✭q✉❛s❡ ✈❡rt✐❝❛❧✮✿ r❡t❛ ❝❛❧❝✉❧❛❞❛ ♣♦r r❡❣r❡ssã♦ ❞❛s ❧❛t❡r❛✐s ❞♦ ❡❧❡tr♦❞♦✳
✹✳✷✳✷✳✶ ▼é❞✐❛ ❞❡ ✐♠❛❣❡♥s
❆ ♣r✐♠❡✐r❛ ❡t❛♣❛ ❞♦ ❛❧❣♦r✐t♠♦ é ♦ ✜❧tr♦ ❞❡ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s✱ ❝♦♠♦ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✸✳✸✳✸✳ ❆
✜❣✉r❛ ✹✳✷ ❞❡♠♦♥str❛ ❛s ❞✐❢❡r❡♥ç❛s ❡♥tr❡ s❡ ❢❛③❡r ♦✉ ♥ã♦ ❛ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❛s
♠❡❞✐❞❛s✳ ➱ ♣♦ssí✈❡❧ ♦❜s❡r✈❛r ♥❛ ✜❣✉r❛ ✹✳✷✭❛✮ q✉❡ ❤á ❛❧❣♦ ♣r❡s♦ ❛♦ ❡❧❡tr♦❞♦ ❞❡ s♦❧❞❛❣❡♠ ❡ q✉❡ ♦
❛❧❣♦r✐t♠♦ ❞❡ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ❜♦r❞❛s ❡stá ❝♦♥s✐❞❡r❛♥❞♦ ✐ss♦ ❝♦♠♦ ✉♠❛ ❜♦r❞❛ ❞♦ ❡❧❡tr♦❞♦ ♥❛ ✜❣✉r❛
✹✳✷✭❛✮✱ ♠❛s ♥ã♦ ♥❛ ✜❣✉r❛ ♥❛ ✜❣✉r❛ ✹✳✷✭❜✮✳
✭❛✮ ✭❜✮
❋✐❣✉r❛ ✹✳✷✿ ✭❛✮ ❘❡s✉❧t❛❞♦ s❡♠ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s✳ ✭❜✮ ❘❡s✉❧t❛❞♦ ❝♦♠ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s✳
➱ ✐♠♣♦rt❛♥t❡ r❡ss❛❧t❛r q✉❡ ❡st❛ ❝♦♠♣❛r❛çã♦ ❢♦✐ ❢❡✐t❛ ✉t✐❧✐③❛♥❞♦ ♦s ♦✉tr♦s ✜❧tr♦s ❡ ♠ét♦❞♦s ❞❡
♠❡❞✐çã♦ ❞❡✜♥✐❞♦s ♣❛r❛ ♦ ♣r♦❥❡t♦✳ ❆ ✜❣✉r❛ ✹✳✸ ❞❡♠♦♥str❛ ❝♦♠♦ ❛ ♠é❞✐❛ ♥ã♦ ♣r♦♣♦r❝✐♦♥❛ r❡s✉❧t❛❞♦s
s❛t✐s❢❛tór✐♦s ♣♦r s✐ só✳
✻✵
✭❛✮ ✭❜✮
❋✐❣✉r❛ ✹✳✸✿ ✭❛✮ ❘❡s✉❧t❛❞♦ s❡♠ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s✳ ✭❜✮ ❘❡s✉❧t❛❞♦ ❝♦♠ ♠é❞✐❛ s❡♠ ✜❧tr♦s
✹✳✷✳✷✳✷ Pr✐♠❡✐r❛ ❜✐♥❛r✐③❛çã♦
❊♠ s❡❣✉✐❞❛ é ❢❡✐t♦ ♦ ♣r✐♠❡✐r♦ ✜❧tr♦ ❞❡ ❜✐♥❛r✐③❛çã♦✳ ❆ ✐♠❛❣❡♠ ✸✳✺ ❞❡♠♦♥str❛ ❞❡ ❢♦r♠❛ s❛t✐s✲
❢❛tór✐❛ ♦ r❡s✉❧t❛❞♦ ❞❡st❡ ✜❧tr♦✳ ❈♦♠♦ ❛ ♦❝♦rrê♥❝✐❛ ❞❛s s❝❛♥❧✐♥❡s s✉❛ ✉t✐❧✐③❛çã♦ ❛♥t❡s ♦✉ ❞❡♣♦✐s ❞♦
✜❧tr♦ ❞❡ ♠é❞✐❛s t❡♠ ♦ ♠❡s♠♦ ❡❢❡✐t♦✳
❱✐s✉❛❧♠❡♥t❡✱ ♦ ❡❢❡✐t♦ ❞❡ss❡ ✜❧tr♦ é tã♦ ♣❡q✉❡♥♦ q✉❡ ❝♦❣✐t♦✉✲s❡ r❡t✐rá✲❧♦✱ ♠❛s ♦ ❝✉st♦ ❝♦♠♣✉t❛✲
❝✐♦♥❛❧ é tã♦ ❜❛✐①♦ q✉❡ ❞❡❝✐❞✐✉✲s❡ ♠❛♥tê✲❧♦✳ ❆ ✜❣✉r❛ ✹✳✹ ✐❧✉str❛ q✉❛❧ é ♦ ❡❢❡✐t♦ ❞❛s s❝❛♥❧✐♥❡s s♦❜r❡
❛ ✐♠❛❣❡♠✳ ❆ ♣r✐♠❡✐r❛ ❜✐♥❛r✐③❛çã♦ t❡♠ ❡✈✐t❛ ♠❡❞✐❞❛s ❡rr❛❞❛s ♥❛s ❜♦r❞❛s ❞♦ ❡❧❡tr♦❞♦ ❞❡❝♦rr❡♥t❡s
❞❛s s❝❛♥❧✐♥❡s✳
✭❛✮ ✭❜✮
❋✐❣✉r❛ ✹✳✹✿ ✭❛✮ ❉❡t❛❧❤❡ ❞❡ ✐♠❛❣❡♠ ❝♦♠ s❝❛♥❧✐♥❡s ❡ ✭❜✮ s❡♠ s❝❛♥❧✐♥❡s
✻✶
✹✳✷✳✷✳✸ ❋✐❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛
❖ ✜❧tr♦ s❡❣✉✐♥t❡✱ ❞❡ ♠ás❝❛r❛ ❣❛✉ss✐❛♥❛✱ t❡♠ ♦ ❡❢❡✐t♦ ❞❡ ❛t❡♥✉❛r ❜♦r❞❛s ❡ ♣❡q✉❡♥♦s r✉í❞♦s
❛❧❡❛tór✐♦s ♥❛ ✐♠❛❣❡♠✳ ❆ ✜❣✉r❛ ✹✳✺ ❞❡♠♦♥str❛ ❛ ✉t✐❧✐③❛çã♦ ❞❡st❡ ✜❧tr♦ ❛♣ós ❛ ♣r✐♠❡✐r❛ ❜✐♥❛r✐③❛çã♦✳
✭❛✮ ✭❜✮
❋✐❣✉r❛ ✹✳✺✿ ✭❛✮ ■♠❛❣❡♠ ♦r✐❣✐♥❛❧ ❡ ✭❜✮ ❞❡♣♦✐s ❞❡ ✜❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛
❱✐s✉❛❧♠❡♥t❡✱ ♦ ✜❧tr♦ ♣❛r❡❝❡ q✉❛s❡ ♥ã♦ ❛❢❡t❛r ❛ ✐♠❛❣❡♠✱ ♠❛s ♦s r✉í❞♦s ♥❡st❡ ❡①❡♠♣❧♦ ♣♦❞❡♠
t❡r ❣r❛♥❞❡ ✐♠♣❛❝t♦ ♥♦ ❝á❧❝✉❧♦ ❞♦ ♣❡r✜❧ ✈❡rt✐❝❛❧ ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ❡♠ s✉❛ ❞❡r✐✈❛❞❛✳ ❯♠ ✐♠♣❛❝t♦
❛✐♥❞❛ ♠❛✐♦r ❞❛ ❢❛❧t❛ ❞❡ ✉s♦ ❞❡st❡ ✜❧tr♦ é s♦❜r❡ ❛s ❞❡r✐✈❛❞❛s ♣✐①❡❧ ❛ ♣✐①❡❧ q✉❡ sã♦ ❢❡✐t❛s ♣❛r❛ ❛
✐❞❡♥t✐✜❝❛çã♦ ❞❛s ❜♦r❞❛s ❞♦ ❡❧❡tr♦❞♦✳ ❆ ✜❣✉r❛ ✹✳✺✭❛✮ ❞❡♠♦♥str❛ ❡ss❡ ♣r♦❜❧❡♠❛✳
✹✳✷✳✷✳✹ ❙❡❣✉♥❞❛ ❜✐♥❛r✐③❛çã♦
❊♠ s❡❣✉✐❞❛ é ❛♣❧✐❝❛❞❛ ❛ s❡❣✉♥❞❛ ❜✐♥❛r✐③❛çã♦ q✉❡ ✈✐s❛ ❡❧✐♠✐♥❛r ♣♦rçõ❡s ❞❛ ✐♠❛❣❡♠ ❡ r✉í❞♦s
♣♦✉❝♦ r❡❧❡✈❛♥t❡s ❛♦ ♣r♦❝❡ss❛♠❡♥t♦✳ ❊st❛ ❡t❛♣❛ ❢❛③ ❞✉❛s ❜✐♥❛r✐③❛çõ❡s✱ ✉♠❛ ♣♦r ♠í♥✐♠♦ ❡ ✉♠❛ ♣♦r
♠á①✐♠♦✱ ❡ ♥ã♦ ❛♣❡♥❛s ✉♠❛✳ ▼❛s ♣♦r s❡r❡♠ ♦♣❡r❛çõ❡s s✐♠♣❧❡s ❡ ✐♥❞❡♣❡♥❞❡♥t❡s ❞❡ ♦r❞❡♠ ❝❤❛♠♦✉✲s❡
❛♣❡♥❛s ❞❡ ✑s❡❣✉♥❞❛ ❜✐♥❛r✐③❛çã♦✑✳
❆ ♠❛✐♦r ❞✐❢❡r❡♥ç❛ é ❡✈✐❞❡♥t❡ ♥❛ ♣♦rçã♦ ✐♥❢❡r✐♦r ❞❛ ✐♠❛❣❡♠✱ q✉❡ é ♠❛✐s ❜r✐❧❤♦s❛ ♥❛ ✜❣✉r❛
✹✳✻✭❛✮✳ ❊ss❛ ❞✐❢❡r❡♥ç❛ ❞❡ ❧✉♠✐♥♦s✐❞❛❞❡ ♣♦❞❡ ❛❢❡t❛r ♦ ❢✉♥❝✐♦♥❛♠❡♥t♦ ❞♦s ❛❧❣♦r✐t♠♦s ❞❡ ♣❡r✜s ❡
s✉❛s ❞❡r✐✈❛❞❛s✳
❆ ✜❣✉r❛ ✹✳✻ ♠♦str❛ ♦ ❡❢❡✐t♦ s♦❜r❡ ❛s ✐♠❛❣❡♥s ✹✹✵ ❛ ✹✹✷✱ s♦❜r❡ ❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❛ ❜♦r❞❛ ❞❛ ♣♦ç❛✳
❖✉tr❛s ✐♠❛❣❡♥s tê♠ ♠❡❧❤♦r✐❛s ♠❛✐s s✐❣♥✐✜❝❛t✐✈❛s ❝♦♠ ❡st❡ ✜❧tr♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❛s q✉❡ ♣♦ss✉❡♠
r✉í❞♦s ❝♦♠♦ r❡s♣✐♥❣♦s ♦✉ ✉♠❛ ❧✉♠✐♥♦s✐❞❛❞❡ ♠✉✐t♦ ❛❧t❛ ♣ró①✐♠♦ à ♣♦♥t❛ ❞♦ ❡❧❡tr♦❞♦✳
✻✷
✭❛✮ ✭❜✮
❋✐❣✉r❛ ✹✳✻✿ ✭❛✮ ■♠❛❣❡♠ s❡♠ ❛ s❡❣✉♥❞❛ ❜✐♥❛r✐③❛çã♦ ❡ ✭❜✮ ❝♦♠ s❡❣✉♥❞❛ ❜✐♥❛r✐③❛çã♦
✹✳✷✳✸ P❡r✜s ❍♦r✐③♦♥t❛✐s ❡ ❱❡rt✐❝❛✐s
❉❡♣♦✐s ❞❛ ♣❛ss❛❣❡♠ ❞♦s ✜❧tr♦s✱ ❛s ♠❡❞✐❞❛s sã♦ ❢❡✐t❛s ❝♦♠ ❛s ❞❡r✐✈❛❞❛s ❞♦s ♣❡r✜s ✈❡rt✐❝❛❧ ❡
❤♦r✐③♦♥t❛❧✳ ❆s ✜❣✉r❛s ✹✳✼✭❛✮ ❡ ✹✳✼✭❜✮ ♠♦str❛♠ ❡ss❛s ❞❡r✐✈❛❞❛s ❡ ❛ ♣♦s✐çã♦ ♦❜t✐❞❛ ❡♠ ❝❛❞❛ ♠í♥✐♠♦
♦✉ ♠á①✐♠♦ ❧♦❝❛❧✳ ❈❛❞❛ ✉♠❛ ❞❡ss❛s ♣♦s✐çõ❡s r❡s✉❧t❛ ❡♠ ✉♠❛ ♠❡❞✐❞❛✱ q✉❡ ♥♦ ❝❛s♦ ❞❡ss❛s ✐♠❛❣❡♥s
sã♦ ❛♣r❡s❡♥t❛❞❛s ♥❛ t❛❜❡❧❛ ✹✳✷✳✸
✭❛✮ ✭❜✮
❋✐❣✉r❛ ✹✳✼✿ ✭❛✮ P❡r✜❧ ❤♦r✐③♦♥t❛❧✳ ✭❜✮ P❡r✜❧ ✈❡rt✐❝❛❧✳
✻✸
P❛râ♠❡tr♦ ❱❛❧♦r
▲✐♠✐t❡ ❡sq✉❡r❞♦ ❞❛ ♣♦ç❛ ✹✶
▲✐♠✐t❡ ❞✐r❡✐t♦ ❞❛ ♣♦ç❛ ✷✺✼
❚♦♣♦ ❞♦ ❡❧❡tr♦❞♦ ✹✾
❇❛s❡ ❞♦ ❡❧❡tr♦❞♦ ✶✾✵
❚❛❜❡❧❛ ✹✳✶✿ ▼❡❞✐❞❛s ♦❜t✐❞❛s ❝♦♠ ❞❡r✐✈❛❞❛s ❞❡ ♣❡r✜s ❤♦r✐③♦♥t❛❧ ❡ ✈❡rt✐❝❛❧✱ ❡♠ ♣✐①❡❧s✳
✹✳✷✳✹ ❇♦r❞❛s ❞♦ ❡❧❡tr♦❞♦ ❡ r❡❣r❡ssã♦ r♦❜✉st❛
P❛r❛ ♦ ❡❧❡tr♦❞♦✱ ♦ ♠❡s♠♦ ♣r✐♥❝í♣✐♦ é ✉t✐❧✐③❛❞♦✱ ♣♦ré♠ ❝♦♠ ❞❡r✐✈❛❞❛s ♣✐①❡❧ ❛ ♣✐①❡❧✳ ❊ss❛s
❞❡r✐✈❛❞❛s sã♦ ♠♦str❛❞❛s ♥❛ ✜❣✉r❛ ✹✳✽✳ ❆s ♣♦s✐çõ❡s ❡♥❝♦♥tr❛❞❛s sã♦ ❛r♠❛③❡♥❛❞❛s ❡♠ ✉♠ ✈❡t♦r
♣❛r❛ ❛ r❡❣r❡ssã♦✳ ❖s ✈❡t♦r❡s ♦❜t✐❞♦s ❝♦♠ ❛s ✐♠❛❣❡♥s sã♦ ♣♦❞❡♠ s❡r ❛✈❛❧✐❛❞♦s ♥❛ t❛❜❡❧❛ ✹✳✷✳✹
❋✐❣✉r❛ ✹✳✽✿ ❇♦r❞❛s ❞♦ ❛r❛♠❡ ❞❡t❡❝t❛❞❛s ♣♦r ❞❡r✐✈❛❞❛s
❊sq✉❡r❞❛ ✶✹✹ ✶✹✸ ✶✹✸ ✶✹✸ ✶✹✷ ✶✹✷ ✶✹✶ ✶✹✶ ✶✹✶ ✶✹✵ ✶✹✵ ✶✸✾ ✶✸✾ ✶✸✾ ✶✹✶ ✶✹✵
❉✐r❡✐t❛ ✶✼✼ ✶✼✻ ✶✼✻ ✶✼✺ ✶✼✹ ✶✼✹ ✶✼✸ ✶✼✸ ✶✼✷ ✶✼✷ ✶✼✶ ✶✼✶ ✶✼✵ ✶✻✾ ✶✻✾ ✶✻✽
❚❛❜❡❧❛ ✹✳✷✿ ❱❛❧♦r❡s ❡♥❝♦♥tr❛❞♦s ♣❛r❛ ❜♦r❞❛s ❞♦ ❛r❛♠❡ ❝♦♠ ✶✻ ♣♦♥t♦s ♦❜s❡r✈❛❞♦s✱ ❡♠ ♣✐①❡❧s✳
❖s ✈❡t♦r❡s sã♦ ✉t✐❧✐③❛❞♦s ♣❛r❛ ✉♠❛ r❡❣r❡ssã♦ r♦❜✉st❛ q✉❡ ❞❡✜♥❡ ❛s ❡q✉❛çõ❡s ❞❡ r❡t❛ ❞❛s ❧❛t❡r❛✐s
❞♦ ❛r❛♠❡✳ ❊ss❛s r❡t❛s ❥á ❢♦r❛♠ ♠♦str❛❞❛s ❡♠ ✜❣✉r❛s ❛♥t❡r✐♦r❡s ❝♦♠♦ ❛ ✹✳✻✭❜✮✳ ❖s ✈❛❧♦r❡s ❞♦s
❝♦❡✜❝✐❡♥t❡s ❞❛s r❡t❛s ♦❜t✐❞❛s ❝♦♠ ❛s r❡♣r❡ssõ❡s sã♦ ❛♣r❡s❡♥t❛❞♦s ♥❛ t❛❜❡❧❛ ✹✳✷✳✹✳





❚❛❜❡❧❛ ✹✳✸✿ ❈♦❡✜❝✐❡♥t❡s ❞❛ r❡❣r❡ssã♦ ♥♦s ♣♦♥t♦s ❞❛s ❜♦r❞❛s ❞♦ ❡❧❡tr♦❞♦✳
✹✳✷✳✹✳ ❆s r❡t❛s ❞❡ r❡❣r❡ssã♦ sã♦ ✐❧✉str❛❞❛s ♥❛ ✜❣✉r❛ ✹✳✾
❳ ❨
❚♦♣♦ ❡sq✉❡r❞♦ ✶✹✸✱✽✺✺✷ ✹✾
❇❛s❡ ❡sq✉❡r❞♦ ✶✸✼✱✼✾✸✶ ✶✾✵
❚♦♣♦ ❞✐r❡✐t♦ ✶✼✻✱✾✶✶✼ ✹✾
❇❛s❡ ❞✐r❡✐t♦ ✶✻✽✱✵✽✽✸ ✶✾✵
❚❛❜❡❧❛ ✹✳✹✿ ❈♦❡✜❝✐❡♥t❡s ❞❛ r❡❣r❡ssã♦ ♥♦s ♣♦♥t♦s ❞❛s ❜♦r❞❛s ❞♦ ❡❧❡tr♦❞♦✳
❋✐❣✉r❛ ✹✳✾✿ ❇♦r❞❛s ❞♦ ❛r❛♠❡ ❞❡t❡❝t❛❞❛s ♣♦r ❞❡r✐✈❛❞❛s
✹✳✷✳✺ ❈♦rr❡çã♦ ❞❛ ❞✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛ ❡ ♠❡❞✐❞❛s
P❛r❛ ❡♥❝♦♥tr❛r ♦s ✈❛❧♦r❡s ✜♥❛✐s ❝♦♠ ❛ ❝♦rr❡çã♦ ❞❡ ❞✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛✱ t♦❞♦s ♦s ♣❛ss♦s
❛♥t❡r✐♦r❡s ❢♦r❛♠ ❛♣❧✐❝❛❞♦s ❡♠ ✐♠❛❣❡♥s ❝♦rr✐❣✐❞❛s✳ ◆♦ ❡①❡♠♣❧♦ ♠♦str❛❞♦✱ ✉t✐❧✐③♦✉✲s❡ ✉♠❛ ✐♠❛❣❡♠
❜❛s❡ ❝♦♠♦ ♣❛❞rã♦ ♣❛r❛ s❡ ❞❡✜♥✐r ♦s ♣❛râ♠❡tr♦s ❞❛ ❞✐st♦rçã♦✱ ❛ ✐♠❛❣❡♠ ♥ú♠❡r♦ ✶✽✶ ❞❛ ♠❡s♠❛
sér✐❡✳ ❆ ✜❣✉r❛ ✹✳✶✵ ♠♦str❛ ✉♠❛ ✐♠❛❣❡♠ tr❛♥s❢♦r♠❛❞❛ ❡ tr❛t❛❞❛ ♣❡❧♦s ✜❧tr♦s ❝♦♠ ❛s ♣♦s✐çõ❡s ❞♦s
✈❛❧♦r❡s ❜✉s❝❛❞♦s✳
❖s ✈❛❧♦r❡s ♣♦❞❡♠ s❡r ✈✐st♦s ♥❛ t❛❜❡❧❛ ✹✳✷✳✺ ❝♦♠ ❛ ✉♥✐❞❛❞❡ ❡♠ ♣✐①❡❧s✳ ❖s ✈❛❧♦r❡s r❡❛✐s✱ ❡♠ ♠♠✱
❡stã♦ ♥❛ t❛❜❡❧❛✹✳✷✳✺✳
✻✺
❋✐❣✉r❛ ✹✳✶✵✿ ❇♦r❞❛s ❞♦ ❛r❛♠❡ ❞❡t❡❝t❛❞❛s ♣♦r ❞❡r✐✈❛❞❛s
❳ ❨
▲✐♠✐t❡ ❡sq✉❡r❞♦ ❞❛ ♣♦ç❛ ✶✽✺
▲✐♠✐t❡ ❞✐r❡✐t♦ ❞❛ ♣♦ç❛ ✽✺✼
❚♦♣♦ ❡sq✉❡r❞♦ ✹✻✹✳✽✾✵✻ ✷✽✽
❇❛s❡ ❡sq✉❡r❞♦ ✹✻✽✳✵✻✺✽ ✶✷✷✸
❚♦♣♦ ❞✐r❡✐t♦ ✺✻✸✳✵✵✾✶ ✷✽✽
❇❛s❡ ❞✐r❡✐t♦ ✺✻✺✳✾✼✹✷ ✶✷✷✸
❚❛❜❡❧❛ ✹✳✺✿ ❱❛❧♦r❡s ♠❡❞✐❞♦s ❝♦♠ ♦ ❛❧❣♦r✐t♠♦ ❡♠ ✉♠❛ ✐♠❛❣❡♠ ❝♦rr✐❣✐❞❛✳
❊ss❡s ✈❛❧♦r❡s sã♦ ❜❛st❛♥t❡ r❛③♦á✈❡✐s✱ ❝♦♥s✐❞❡r❛♥❞♦✲s❡ q✉❡ ✉♠❛ ✐♠❛❣❡♠ ❞❛ ♠❡s♠❛ sér✐❡ ❢♦✐
✉t✐❧✐③❛❞❛ ♣❛r❛ s❡ ❢❛③❡r ❛ ❝❛❧✐❜r❛çã♦✳ P♦❞❡✲s❡ ✈❡r ♣♦r ❡①❡♠♣❧♦ q✉❡ ❛ ❧❛r❣✉r❛ ❝❛❧❝✉❧❛❞❛ ❞♦ ❡❧❡tr♦❞♦
✈❛✐ ❞❡ 5, 7806 − 4, 7806 = 1mm ♥♦ t♦♣♦ ❛ 5, 7504 − 4, 7482 = 1, 0022mm ♥❛ ❜❛s❡✳ ❊ss❡s ✈❛❧♦r❡s
✻✻
❳ ❨
▲✐♠✐t❡ ❡sq✉❡r❞♦ ❞❛ ♣♦ç❛ ✶✱✽✽✾✺
▲✐♠✐t❡ ❞✐r❡✐t♦ ❞❛ ♣♦ç❛ ✽✱✼✺✸✶
❚♦♣♦ ❡sq✉❡r❞♦ ✹✱✼✹✽✷ ✷✱✾✹✶✺
❇❛s❡ ❡sq✉❡r❞♦ ✹✱✼✽✵✻ ✶✷✱✹✾✶✸
❚♦♣♦ ❞✐r❡✐t♦ ✺✱✼✺✵✹ ✷✱✾✹✶✺
❇❛s❡ ❞✐r❡✐t♦ ✺✱✼✽✵✻ ✶✷✱✹✾✶✸
❚❛❜❡❧❛ ✹✳✻✿ ❱❛❧♦r❡s r❡❛✐s ♠❡❞✐❞♦s ❝♦♠ ♦ ❛❧❣♦r✐t♠♦ ❡♠ ✉♠❛ ✐♠❛❣❡♠ ❝♦rr✐❣✐❞❛✳
sã♦ ❜❛st❛♥t❡ r❛③♦á✈❡✐s ❡ ❞❡♠♦♥str❛♠ q✉❡ ❛ tr❛♥s❢♦r♠❛çã♦ ❡stá ♦❝♦rr❡♥❞♦ ❞❡ ❢♦r♠❛ s❛t✐s❢❛tór✐❛✳
❆ ❧❛r❣✉r❛ ❞❛ ♣♦ç❛ ♥❡st❡ ❣r✉♣♦ ❞❡ ✐♠❛❣❡♥s é 8, 7531− 1, 8895 = 6, 8636mm✱ ✉♠ ✈❛❧♦r ❜❛st❛♥t❡
♣❧❛✉sí✈❡❧✳ ❖s ♣❛râ♠❡tr♦s ✉t✐❧✐③❛❞♦s ♥❡ss❛ s♦❧❞❛ ❢♦r❛♠✿
• ❉✐â♠❡tr♦ ❞♦ ❡❧❡tr♦❞♦✿ ✶♠♠❀
• ❱❡❧♦❝✐❞❛❞❡ ❞❡ ❛✈❛♥ç♦✿ ✺♠♠✴s❀
• ❚❡♥sã♦ ❞♦ ❛r❝♦ ❞❡ s♦❧❞❛❣❡♠✿ ✷✵❱❀
• ❱❡❧♦❝✐❞❛❞❡ ❞❡ ❛❧✐♠❡♥t❛çã♦✿ ✻♠✴♠✐♥✳
❆ ❛❧t✉r❛ ✈✐sí✈❡❧ ❞♦ ❡❧❡tr♦❞♦✱ 12, 4913− 2, 9415 = 9, 5498mm✱ ❛♣r❡s❡♥t❛ ✉♠ ✈❛❧♦r ❝♦♥s✐❞❡r❛✈❡❧✲
♠❡♥t❡ ♠❡♥♦r q✉❡ ♦ ❡s♣❡r❛❞♦ ❞❡ ✶✵✱✷✺♠♠✳ ❊st❡ ✈❛❧♦r ♣♦❞❡ s✐❣♥✐✜❝❛r ✉♠❛ ✈❛r✐❛çã♦ ♥♦ ❝♦♠♣r✐♠❡♥t♦
❞♦ ❡❧❡tr♦❞♦ ❡♥q✉❛♥t♦ ❡ss❡ s❡ ❢✉♥❞❡ ❞✉r❛♥t❡ ♦ ♣r♦❝❡ss♦✳
✹✳✷✳✻ ❘❡s✉❧t❛❞♦s ❝♦♠ s❡q✉ê♥❝✐❛ ❞❡ ✐♠❛❣❡♥s
❖ ❛❧❣♦r✐t♠♦ ❢♦✐ ❛♣❧✐❝❛❞♦ ❡♠ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♠❛❣❡♥s✱ ❞❛s q✉❛✐s s❡ ♦❜t✐✈❡r❛♠ ❛s ♠❡❞✐❞❛s
❞❡s❡❥❛❞❛s✳ ❋♦r❛♠ ✉t✐❧✐③❛❞❛s ❛s ✐♠❛❣❡♥s ❞❡ ♥ú♠❡r♦ ✶✺✵ ❛ ✹✽✵✳ ❆s s❡q✉ê♥❝✐❛s ❞❡ ♠❡❞✐❞❛s ♣♦❞❡♠
s❡r ✈✐st❛s ♥♦s ❣rá✜❝♦s ❞❡ ✹✳✶✶ ❛ ✹✳✶✸✳ ❊ss❛s ♠❡❞✐❞❛s ❢♦r❛♠ t♦❞❛s ❝❛❧❝✉❧❛❞❛s ❡♠ ♠♠✳ ❖s ♣♦♥t♦s
❡♠ ❜r❛♥❝♦ sã♦ r❡❢❡r❡♥t❡s ❛ ✐♠❛❣❡♥s ❝♦♠ ❜r✐❧❤♦ ❡①❝❡ss✐✈♦ q✉❡ ♥ã♦ ❢♦r❛♠ ♣r♦❝❡ss❛❞❛s✳
P♦❞❡✲s❡ ♦❜s❡r✈❛r ♥❛ ✜❣✉r❛ ✹✳✶✶ q✉❡ ♣❛r❛ ❛ s❡q✉ê♥❝✐❛ t❡st❛❞❛ ❛ ❧❛r❣✉r❛ ❞❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠
t❡✈❡ ♣♦✉❝❛ ✈❛r✐❛çã♦✱ s❡♥❞♦ ❛ ❜♦r❞❛ ❡sq✉❡r❞❛ ❜❛st❛♥t❡ ❡stá✈❡❧ ❞✉r❛♥t❡ t♦❞♦ ♦ ♣❡rí♦❞♦✳ ❆ ❜♦r❞❛
❞✐r❡✐t❛ ❛♣r❡s❡♥t♦✉ ❛❧❣✉♠❛s ♠❛✐s ✈❛r✐❛çõ❡s✳ ❍á ❞♦✐s ♣♦♥t♦s ❞✐s❝r❡♣❛♥t❡s ♥♦ ❣rá✜❝♦✱ q✉❡ ❞❡✈❡♠
s✐❣♥✐✜❝❛r ✉♠❛ ❢❛❧❤❛ ♥♦ ❛❧❣♦r✐t♠♦✳
❉❡ ❛❝♦r❞♦ ❝♦♠ ❛ ✜❣✉r❛ ✹✳✶✷ ♦ ❡❧❡tr♦❞♦ ❞❡ s♦❧❞❛❣❡♠ ❡st❡✈❡ ❜♦❛ ♣❛rt❡ ❞♦ t❡♠♣♦ ❡♥tr❡ ✾♠♠ ❡
✶✶♠♠ ❞❡ ❝♦♠♣r✐♠❡♥t♦✳ ❆ ✈❛r✐❛çã♦ ❞❡ss❡ ❝♦♠♣r✐♠❡♥t♦ ❛♣❛r❡♥t❡♠❡♥t❡ ♥ã♦ t❡♠ ✉♠❛ ❢r❡q✉ê♥❝✐❛
♣❛❞rã♦ q✉❡ ♣♦ss❛ s❡r ❛♥❛❧✐s❛❞❛✳ ❆♣❡♥❛s ♣♦✉❝♦s ♣♦♥t♦s ✐♥❞✐❝❛♠ ❛❧❣✉♠❛ ❢❛❧❤❛ ❞♦ ❛❧❣♦r✐t♠♦ ♥❡st❡
q✉❡s✐t♦ ♣♦r ❡st❛r❡♠ ♠✉✐t♦ ❛❢❛st❛❞♦s ❞♦ ✈❛❧♦r ♠é❞✐♦✳
❆ ✜❣✉r❛ ✹✳✶✸ ♠♦str❛ ❛ ✈❛r✐❛çã♦ ❞❡ ♣♦s✐çã♦ ❤♦r✐③♦♥t❛❧ ❞♦ t♦♣♦ ❡ ❞❛ ❜❛s❡ ❞♦ ❡❧❡tr♦❞♦✳ ❙❛❧✈♦ ♣♦r
❞♦✐s ♣♦♥t♦s ❞✐s❝r❡♣❛♥t❡s✱ ❛ ✈❛r✐❛çã♦ ❞❡st❡s ✈❛❧♦r❡s ♥ã♦ é ♠✉✐t♦ ❣r❛♥❞❡✳
✻✼
❋✐❣✉r❛ ✹✳✶✶✿ ❇♦r❞❛s ❞❛ ♣♦ç❛ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳
❋✐❣✉r❛ ✹✳✶✷✿ ❆❧t✉r❛ ❞♦ ❡❧❡tr♦❞♦ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳
❋♦✐ ❢❡✐t♦ ✉♠ ❣rá✜❝♦ ❡①tr❛ ❝♦♠ ❛s ♠❡❞✐❞❛s ❞❛ ♣♦ç❛ ❝♦♠♣❛r❛❞❛s ❝♦♠ ❛ ♣♦s✐çã♦ ❞♦ ❡❧❡tr♦❞♦✳
❊st❡ ❣rá✜❝♦✱ ♥❛ ✜❣✉r❛ ✹✳✶✹✱ ❞❡✐①❛ ❝❧❛r♦ q✉❡ ❛s ♠❡❞✐❞❛s ❞❡ ❜♦r❞❛ ❞✐r❡✐t❛ ❞❛ ♣♦ç❛ ❡ ❞❡ ♣♦s✐çã♦ ❞♦
❡❧❡tr♦❞♦ ❞❡✈❡♠ t❡r ❛❧❣✉♠❛ ❝♦rr❡❧❛çã♦✳
❖ ♠❡s♠♦ ♣r♦❝❡❞✐♠❡♥t♦ ❢♦✐ ❢❡✐t♦ ❝♦♠ ✉♠❛ s❡q✉ê♥❝✐❛ ❞❡ ✐♠❛❣❡♥s ♥ã♦ s✐♥❝r♦♥✐③❛❞❛s✳ ❋♦r❛♠
✉t✐❧✐③❛❞❛s ❛s ✐♠❛❣❡♥s ❞❡ ♥ú♠❡r♦ ✷✵✵✵ ❛ ✺✹✺✷ ❞❛ ✜❧♠❛❣❡♠ ♥ã♦ s✐♥❝r♦♥✐③❛❞❛ ❛ ✶✵✵✵ ❋P❙✳ ❆s ✜❣✉r❛s
✹✳✶✺ ❡ ✹✳✶✻ ❛♣r❡s❡♥t❛♠ ♦s r❡s✉❧t❛❞♦s ❝♦♠ ❡ss❛s ✐♠❛❣❡♥s✳
❖s ♣♦♥t♦s ❞❡ ♠❛✐♦r ❢❛❧❤❛ ♥♦ ❣rá✜❝♦ ✹✳✶✻ ❢♦r❛♠ ❛✈❛❧✐❛❞♦s✳ ❚r❛t❛♠✲s❡ ❞❛s ✐♠❛❣❡♥s ✹✼✷✼ ❡ ✹✼✹✸✳
❆s ♠❡❞✐❞❛s ❢♦r❛♠ ♠❛r❝❛❞❛s ♥❡ss❛s ✐♠❛❣❡♥s ❡ ❛♣r❡s❡♥t❛❞❛s ♥❛ ✜❣✉r❛ ✹✳✷✳✻✳
✻✽
❋✐❣✉r❛ ✹✳✶✸✿ P♦s✐çã♦ ❞♦ ❡❧❡tr♦❞♦ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦
❋✐❣✉r❛ ✹✳✶✹✿ P♦s✐çã♦ ❞♦ ❡❧❡tr♦❞♦ ❡ ❜♦r❞❛s ❞❛ ♣♦ç❛ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦
❈♦♠♦ ♣♦❞❡✲s❡ ♦❜s❡r✈❛r✱ ❡ss❛s ✐♠❛❣❡♥s ❡s♣❡❝í✜❝❛s tê♠ ❜r✐❧❤♦ ♠✉✐t♦ ❜❛✐①♦✱ ♦ q✉❡ ❝♦♠♣r♦♠❡t❡✉
♦ ❛❧❣♦r✐t♠♦ ❞❡ r❡❝♦♥❤❡❝✐♠❡♥t♦ ❞❛s ❜♦r❞❛s ❞♦ ❡❧❡tr♦❞♦✳ ❊ss❡ t✐♣♦ ❞❡ ♦❝♦rrê♥❝✐❛ ♥ã♦ ❡r❛ ❡s♣❡r❛❞♦
❡ ❢♦✐ ❛♣❡♥❛s ✐❞❡♥t✐✜❝❛❞♦ ❛♣ós ❛ ❛♣❧✐❝❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦✳
✻✾
❋✐❣✉r❛ ✹✳✶✺✿ ❆❧t✉r❛ ❞♦ ❡❧❡tr♦❞♦ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦
❋✐❣✉r❛ ✹✳✶✻✿ P♦s✐çã♦ ❞♦ ❡❧❡tr♦❞♦ ❡ ❜♦r❞❛s ❞❛ ♣♦ç❛ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦
✹✳✸ ❆✈❛❧✐❛çã♦ ❞♦ ❛❧❣♦r✐t♠♦ ❡♠ ❞❡s❝r✐çã♦ ❞❡ ❤❛r❞✇❛r❡
❖ ♣r♦❥❡t♦ ❡♠ ❱❍❉▲ ♣❛r❛ ❋P●❆ ❢♦✐ t❛♠❜é♠ s✐♠✉❧❛❞♦ ❝♦♠ ✐♠❛❣❡♥s ❛♥t❡r✐♦r❡s ❞♦ tr❛❜❛❧❤♦
❬✸✷❪✱ ♣♦ré♠ ❛s s✐♠✉❧❛çõ❡s ❢♦r❛♠ ❢❡✐t❛s ❝♦♠♦ ❞❡s❝r✐t♦ ♥❛ s❡çã♦ ✸✳✺✳✷ ❝♦♠ ❛rq✉✐✈♦s✳ P❛r❛ q✉❡
♣✉❞❡ss❡♠ s❡r ❝♦♠♣♦rt❛❞❛s ✹ ✐♠❛❣❡♥s ❡♠ ✉♠ ♠ó❞✉❧♦ ❞❡ ♠❡♠ór✐❛✱ q✉❡ t❡♠ ♦ t❛♠❛♥❤♦ ♠á①✐♠♦
❞❡ ✻✺✺✸✻✭216✮ ❜②t❡s✱ ❛s s✐♠✉❧❛çõ❡s ✉t✐❧✐③❛❞❛s ❢♦r❛♠ ❢❡✐t❛s ❝♦♠ ✐♠❛❣❡♥s r❡❞✉③✐❞❛s✱ ❞❡ ✶✷✽①✶✷✽
✭214✮♣✐①❡❧s✳ ❆s ✐♠❛❣❡♥s ✉t✐❧✐③❛❞❛s ♥❡st❛ s❡çã♦ sã♦ ❛s ❞❡ ♥ú♠❡r♦ ✹✹✵ ❛ ✹✹✷✱ ❡♠ ✉♠❛ ✜❧♠❛❣❡♠
❞❡♥♦♠✐♥❛❞❛ ✑❘❡s✉❧t❛❞♦s ❋✐❧tr♦ ❆❞❛♣t❛t✐✈♦✑ ❡ ❢♦r❛♠ ❝❛♣t✉r❛❞❛s ❛ ✉♠❛ t❛①❛ ❞❡ ✶✵✵✵ ❋P❙✳
❖s ✈❛❧♦r❡s ❛q✉✐ ♦❜t✐❞♦s sã♦ ❝♦♠♣❛r❛❞♦s ❝♦♠ ❛q✉❡❧❡s ❞❛ s✐♠✉❧❛çã♦ ❡♠ ▼❛t❧❛❜✳ ◆ã♦ ❢♦r❛♠
❣❡r❛❞❛s ✐♠❛❣❡♥s ❝♦♠ ❛s ♠❡❞✐❞❛s ♥❡st❛s s✐♠✉❧❛çõ❡s✱ ❛♣❡♥❛s ❛s ❢♦r♠❛s ❞❡ ♦♥❞❛ ❣❡r❛❞❛s ♣❡❧♦ s♦❢t✇❛r❡
✼✵
✭❛✮ ✭❜✮




❈♦♠♦ ❝✐t❛❞♦ ♥❛ s❡çã♦ ✹✳✷✳✷✳✷✱ ❡st❡ ✜❧tr♦ ♣♦❞❡ s❡r ✉t✐❧✐③❛❞♦ ❛♥t❡s ❞❛ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s✱ ♦ q✉❡ é
❢❡✐t♦ ♥❡st❡ ❝❛s♦✳ P❛r❛ ✈❡r✐✜❝❛r q✉❡ ❡stá ❢✉♥❝✐♦♥❛♥❞♦✱ ❜❛st❛ ❝♦♠♣❛r❛r ❛ ❢♦r♠❛ ❞❡ ♦♥❞❛ ❞♦s ♣✐①❡❧s
❛♥t❡s ❡ ❞❡♣♦✐s ❞❡st❡ ✜❧tr♦✳ ❆s r❡❣✐õ❡s ♠❛✐s ❡s❝✉r❛s ❞❛s ✐♠❛❣❡♥s ❞❛ ✐♠❛❣❡♠✱ ❝♦♠ ✈❛❧♦r❡s ❜❛✐①♦s ❞❡
❜r✐❧❤♦✱ ❞❡✈❡♠ ❛♣❛r❡❝❡r ❝♦♠ ✈❛❧♦r r❡s♣❡❝t✐✈♦ ③❡r♦ ❛♣ós ♦ ✜❧tr♦✳ ❊ss❡ ❝♦♠♣♦rt❛♠❡♥t♦ ♣♦❞❡ s❡r ✈✐st♦
♥❛ ✜❣✉r❛ ✹✳✶✽ ❝♦♠ ❛ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ pixel❴entrada ❡ pixel❴filtrado0✳
❋✐❣✉r❛ ✹✳✶✽✿ ❋♦r♠❛s ❞❡ ♦♥❞❛ ❞❡ ♣✐①❡❧s ❛♥t❡s ❡ ❞❡♣♦✐s ❞❛ ♣r✐♠❡✐r❛ ❜✐♥❛r✐③❛çã♦✳
✼✶
✹✳✸✳✶✳✷ ❋✐❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛
❆❜❛✐①♦ é ♠♦str❛❞❛ ✉♠❛ ♣❛rt❡ ❞♦ ❛rq✉✐✈♦ ❞❡ ✐♠❛❣❡♠✱ ❝♦♠ ✈❛❧♦r❡s ❤❡①❛❞❡❝✐♠❛✐s ♦♥❞❡ ❡stá
❧♦❝❛❧✐③❛❞❛ ❛ ❥❛♥❡❧❛ ♣❛r❛ ♦ ✜❧tr♦✳ ❊st❛ ♣❛rt❡ ❝♦♠❡ç❛ ♥❛ ❧✐♥❤❛ ✼✵ ❡ ❝♦❧✉♥❛ ✹✽ ❞❛ ✐♠❛❣❡♠ ♥ú♠❡r♦
✹✹✵✳ ❖ ♣✐①❡❧ ✜❧tr❛❞♦ é ♦ ❞❛ ❧✐♥❤❛ ✼✶ ❡ ❝♦❧✉♥❛ ✹✾✱ ❡ ♦ ♥♦✈♦ ♣✐①❡❧ é ♦ ❞❛ ❧✐♥❤❛ ✼✷✱ ❝♦❧✉♥❛ ✺✵✳ ❖s
✈❛❧♦r❡s ♥❛ s❡❣✉♥❞❛ ❝♦❧✉♥❛ ✈✐st♦s ♥❛ ✜❣✉r❛ sã♦ ♦s s❡❧❡❝✐♦♥❛❞♦s ♣❡❧❛ ✭❜❛rr❛ ✈❡rt✐❝❛❧ ❛♠❛r❡❧❛✮✳
✳✳✳ ✹✽ ✹❆ ✺✷ ✺✸ ✺✺ ✺✼ ✺✾ ✺✹ ✳✳✳
✳✳✳ ✹❈ ✺✶ ✺✷ ✺✶ ✺✽ ✺✽ ✺❉ ✺✽ ✳✳✳
✳✳✳ ✹❊ ✺✸ ✺✺
❚❛❜❡❧❛ ✹✳✼✿ P♦rçã♦ ❞❛ ✐♠❛❣❡♠ ♣❛r❛ ✜❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛✳
❖ r❡s✉❧t❛❞♦ ❞❛ s✐♠✉❧❛çã♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ✜❣✉r❛ ✹✳✶✾✳ ❖s í♥❞✐❝❡s ❞❛ ✈❛r✐á✈❡❧ janela❴p❴filtro✱
q✉❡ ❛♣❛r❡❝❡♠ ❡♠ ♦r❞❡♠ ✐♥✈❡rs❛✱ ❝♦♥✜r♠❛♠ ♦ ❛r♠❛③❡♥❛♠❡♥t♦ ❞♦ ❜✉✛❡r✳ ➱ ✐♠♣♦rt❛♥t❡ ❧❡♠❜r❛r
q✉❡ ♦s í♥❞✐❝❡s ❡♠ ❱❍❉▲ ❝♦♠❡ç❛♠ ❞♦ ③❡r♦✱ ♣♦rt❛♥t♦ ❛ ✈❛r✐á✈❡❧ linha = 71 ♥❛ ✐♠❛❣❡♠ r❡♣r❡s❡♥t❛
❛ ❧✐♥❤❛ ✼✷ ❡ ❛ coluna = 49✱ ❛ ❝♦❧✉♥❛ ✺✵✳
❋✐❣✉r❛ ✹✳✶✾✿ ❋♦r♠❛s ❞❡ ♦♥❞❛ ❞❡ ♣✐①❡❧s ♥❛ ❥❛♥❡❧❛ ♣❛r❛ ✜❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛✳
❖ r❡s✉❧t❛❞♦ ❞♦ ❝á❧❝✉❧♦✱ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ✈❛r✐á✈❡❧ pixel❴filtrado1 = 4F ✭✼✾ ❡♠ ❞❡❝✐♠❛❧✮ ♠✉✐t♦
♣ró①✐♠♦ ❞♦ q✉❡ s❡r✐❛ ♦ r❡s✉❧t❛❞♦ s❡ ❢♦ss❡ ✉t✐❧✐③❛❞♦ ♣♦♥t♦ ✢✉t✉❛♥t❡✿ ✽✵✱✶✹✷✹✳ ❱❛❧❡ t❛♠❜é♠ ♥♦t❛r
q✉❡ ♦ pixel❴filtrado1 t❡♠ ✉♠ ❛tr❛s♦ ❞❡✈✐❞♦ ❛♦ ✜❧tr♦✳
✹✳✸✳✶✳✸ ❙❡❣✉♥❞❛ ❜✐♥❛r✐③❛çã♦
❊ss❡ ✜❧tr♦ ♣♦❞❡ s❡r ✈✐s✉❛❧✐③❛❞♦ ❞❛ ♠❡s♠❛ ❢♦r♠❛ q✉❡ ❛ ♣r✐♠❡✐r❛ ❜✐♥❛r✐③❛çã♦✳ ❆ ✜❣✉r❛ ✹✳✷✵
♠♦str❛ ❛ ❜✐♥❛r✐③❛çã♦ s❡❣✉✐❞❛ ♥❛s ✈❛r✐á✈❡✐s pixel❴filtrado2 ❡ pixel❴filtrado3✳ ❖s ❧✐♠✐❛r❡s ✉t✐✲
❧✐③❛❞♦s ❢♦r❛♠ threshold2 = 26 ✭✶❆✮ ❡ threshold2 = 127 ✭✼❋✮✳
✼✷
❋✐❣✉r❛ ✹✳✷✵✿ ❋♦r♠❛s ❞❡ ♦♥❞❛ ❞❡ ♣✐①❡❧s ❛♥t❡s ❡ ❞❡♣♦✐s ❞❛ s❡❣✉♥❞❛ ❜✐♥❛r✐③❛çã♦✳
✹✳✸✳✶✳✹ ▼é❞✐❛ ❞❡ ✐♠❛❣❡♥s
❊ss❡ ✜❧tr♦ ❞❡✈❡ ❢♦r♥❡❝❡r ♦ s♦♠❛tór✐♦ ❞❡ três ♣✐①❡❧s ❞❡ ♠❡s♠❛ ❧✐♥❤❛ ❡ ❝♦❧✉♥❛ ♥❛s três ✐♠❛❣❡♥s
✉t✐❧✐③❛❞❛s✱ ❛♣❡♥❛s ♣❛r❛ ❛s ✐♠❛❣❡♥s ❝♦♠ ❜r✐❧❤♦ t♦t❛❧ ♠❡♥♦r q✉❡ ♦ ♠á①✐♠♦ ❞❡✜♥✐❞♦✳
❈♦♠♦ ❡①♣❧✐❝❛❞♦ ♥❛s s❡çõ❡s ✸✳✹✳✻ ❡ ✸✳✹✳✼ ❡ss❡s ✈❛❧♦r❡s sã♦ ❝❛❧❝✉❧❛❞♦s ❛ ❝❛❞❛ ♣✐①❡❧ r❡❝❡❜✐❞♦ ♥♦s
✈❡t♦r❡s somaHor ❡ somaV ert ❆ ✜❣✉r❛ ✹✳✷✶ ♠♦str❛ ❛ s❛í❞❛ ❝♦♠ ❛ s♦♠❛ ❞♦s ♣✐①❡❧s ❛r♠❛③❡♥❛❞♦s
❡♠ ♠❡♠ór✐❛✳
❋✐❣✉r❛ ✹✳✷✶✿ ❆t✉❛❧✐③❛çã♦ ❞❡ ✈❛❧♦r❡s ❛ ❝❛❞❛ ♥♦✈♦ ♣✐①❡❧✳
P♦❞❡✲s❡ ✈❡r q✉❡ ♦ í♥❞✐❝❡ ✹✾ ❞♦ ✈❡t♦r somaHor é ❛❝r❡s❝✐❞♦ ❞♦ ✈❛❧♦r ❤❡①❛❞❡❝✐♠❛❧ 3D − 33 = A
✭✶✵ ❡♠ ❞❡❝✐♠❛❧✮ ♣♦✐s 369C − 3692 = A✳
❖ ♠❡s♠♦ ♦❝♦rr❡ ♣❛r❛ ♦ í♥❞✐❝❡ ✹✽ ❞♦ ✈❡t♦r somaV ert✱ ❝♦♠ 7047− 703D = A✳
❊ss❡s ✈❛❧♦r❡s s♦❢r❡♠ ❛ s✉❜tr❛çã♦ ❛♣❡♥❛s ❛ ♣❛rt✐r ❞❛ q✉❛rt❛ ✐♠❛❣❡♠✱ ♣♦✐s ❝♦♠♦ ❞❡♠♦♥str❛❞♦ ❛
✜❣✉r❛ ✹✳✷✷✱ q é ③❡r♦ ❞✉r❛♥t❡ ❛s três ♣r✐♠❡✐r❛s✳
❋✐❣✉r❛ ✹✳✷✷✿ ❱❛❧♦r ❧✐❞♦ ❞❛ ♠❡♠ór✐❛ ❛♦ ❧♦♥❣♦ ❞❛s q✉❛tr♦ ♣r✐♠❡✐r❛s ✐♠❛❣❡♥s✳
✹✳✸✳✷ ❙❡❧❡çã♦ ❞❡ ✐♠❛❣❡♥s ♣r♦♣í❝✐❛s
P♦r ♣r❛t✐❝✐❞❛❞❡ ❞❡❝✐❞✐✉✲s❡ ✉t✐❧✐③❛r ❛s ♠❡s♠❛s ✐♠❛❣❡♥s ❡ ❛♣❡♥❛s s❡ ❛❧t❡r❛r ♦ ✈❛❧♦r ❞❡ brilho❴maximo
❞✉r❛♥t❡ ❛s s✐♠✉❧❛çõ❡s✳ ❆ ✜❣✉r❛ ✹✳✸✳✷ ♠♦str❛ ♦ ❛✈❛♥ç♦ ❞❡ bloco❴atual ❡ ❝♦♥s❡q✉❡♥t❡♠❡♥t❡ ♦ ❛✈❛♥ç♦
❞♦s ❜❧♦❝♦s ❞❡ ♠❡♠ór✐❛ ♣❛r❛ ✈❛❧♦r❡s ❞✐❢❡r❡♥t❡s ❞❡ brilhoMaximo✳ ❖s ♠❛r❝❛❞♦r❡s ♥❛ ✐♠❛❣❡♠ ❡stã♦
❡♠ ✐♥st❛♥t❡s ❧♦❣♦ ❛♥t❡s ❞♦ ✜♥❛❧ ❞❛s ✐♠❛❣❡♥s✳
✹✳✸✳✸ P❡r✜s ❤♦r✐③♦♥t❛✐s ❡ ♣❡r✜s ✈❡rt✐❝❛✐s
❆q✉✐ sã♦ ❞❡ ❢❛t♦ ❛♣r❡s❡♥t❛❞❛s ❛s ♠❡❞✐❞❛s q✉❡ ❞❡s❡❥❛ ♦❜t❡r ❝♦♠ ♦ s✐st❡♠❛✳





❋✐❣✉r❛ ✹✳✷✸✿ ✭❛✮ ❙❡❧❡çã♦ ❝♦♠ ❢❛t♦r ❞❡ ❜r✐❧❤♦ ❞❡ ✸✵✪✳ ✭❜✮✱✭❝✮ ❙❡❧❡çã♦ ❝♦♠ ❢❛t♦r ❞❡ ❜r✐❧❤♦ ❞❡ ✷✵✪✳
❋✐❣✉r❛ ✹✳✷✹✿ ▼❡❞✐❞❛s ❞♦ ❛r❛♠❡ ❡ ♣♦ç❛ ❛♦ ❧♦♥❣♦ ❞❛s três ♣r✐♠❡✐r❛s ✐♠❛❣❡♠✳
P❛r❛ ♠❡❧❤♦r ✈✐s✉❛❧✐③❛r ♦s r❡s✉❧t❛❞♦s ❛♦ ✜♥❛❧ ❞❛ ✐♠❛❣❡♠✱ ❛ ✜❣✉r❛ ✹✳✷✺ ♠♦str❛ ❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s
❡ss❡s ✈❛❧♦r❡s ❛♥t❡s ❞❡ s❡r❡♠ ❛t✉❛❧✐③❛❞♦s ♥♦ ♣r♦❝❡ss❛♠❡♥t♦ ❞❛ ♣ró①✐♠❛ ✐♠❛❣❡♠✳
❋✐❣✉r❛ ✹✳✷✺✿ ▼❡❞✐❞❛s ❞♦ ❛r❛♠❡ ❡ ♣♦ç❛ ❛♦ ✜♥❛❧ ❞❛ t❡r❝❡✐r❛ ✐♠❛❣❡♥s✳
❆ t❛❜❡❧❛ ✹✳✸✳✸ ❧✐st❛ ♦s ✈❛❧♦r❡s ❝❛❧❝✉❧❛❞♦s ♥❛ ♣r✐♠❡✐r❛ ❝♦❧✉♥❛✱ ❝♦♠♣❛r❛♥❞♦✲♦s ❛♦s ✈❛❧♦r❡s q✉❡
s❡r✐❛♠ ❡q✉✐✈❛❧❡♥t❡s s❡ ❛ ✐♠❛❣❡♠ ❢♦ss❡ ❞♦ t❛♠❛♥❤♦ ♦r✐❣✐♥❛❧ ❞❡ ✷✾✻①✷✻✹ ♣✐①❡❧s ❡ às ♠❡❞✐❞❛s ❡♥❝♦♥✲
tr❛❞❛s ❝♦♠ ♦ ❛❧♦r✐t♠♦ ❡♠ ▼❛t❧❛❜
✹✳✸✳✹ ❘❡❣r❡ssã♦ ❧✐♥❡❛r
❊st❛ ❡t❛♣❛ ❞♦ ♣r♦❥❡t♦ ❝❤❡❣♦✉ ❛ s❡r ❝♦♥❝❧✉í❞❛✱ ♠❛s ❛q✉✐ s❡rã♦ ❛♣r❡s❡♥t❛❞♦s ♦s r❡s✉❧t❛❞♦s ✐♥✲
t❡r♠❡❞✐ár✐♦s ❞♦ ❛❧❣♦r✐t♠♦ ❞❡ r❡❣r❡ssã♦ ❧✐♥❡❛r✿ ❛ ♦❜t❡♥çã♦ ❞♦s ♣♦♥t♦s ❛ s❡r❡♠ ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛
r❡❣r❡ssã♦✳ ❚♦❞♦s ♦s ✈❛❧♦r❡s sã♦ r❡❢❡r❡♥t❡s ❛♦ ♣r♦❝❡ss❛♠❡♥t♦ ❛♣ós ❛ t❡r❝❡✐r❛ ✐♠❛❣❡♠✳
✼✹
▼❡❞✐❞❛ ❈❛❧❝✉❧❛❞♦ ❊q✉✐✈❛❧❡♥t❡ ▼❛t❧❛❜
❧✐♠❊sqP♦❝❛ ✶✽ ✹✶✱✻ ✹✶
❧✐♠❉✐rP♦❝❛ ✶✶✶ ✷✺✻✱✼ ✷✺✼
♣♦s❆r❛♠❡❚♦♣♦ ✷✹ ✹✾✱✺ ✹✾
♣♦s❆r❛♠❡❇❛s❡ ✾✸ ✶✾✶✱✽ ✶✾✵
❚❛❜❡❧❛ ✹✳✽✿ ❱❛❧♦r❡s ♠❡❞✐❞♦s✳
❆ t❛❜❡❧❛ ✹✳✸✳✹ ❧✐st❛ ♦s ♣♦♥t♦s ❡♥❝♦♥tr❛❞♦s ♣❛r❛ s❡ ❢❛③❡r ❛ r❡❣r❡ssã♦ ❡ s❡✉s ❡q✉✐✈❛❧❡♥t❡s ❡♠ ✉♠❛
✐♠❛❣❡♠ ❞❡ ❞✐♠❡♥sõ❡s ✷✾✻①✷✻✹✳
▲✐♥❤❛ ❈♦❧✉♥❛ ❊q✉✐✈❛❧❡♥t❡ ▼❛t❧❛❜
❊sq✉❡r❞❛ ❉✐r❡✐t❛ ❊sq✉❡r❞❛ ❉✐r❡✐t❛ ❊sq✉❡r❞❛ ❉✐r❡✐t❛
✷✻ ✶✽✺ ✷✷✽ ✶✹✷✱✻✵ ✶✼✺✱✼✺ ✶✹✸ ✶✼✼
✸✵ ✶✽✺ ✷✷✼ ✶✹✷✱✻✵ ✶✼✺✱✼✺ ✶✹✸ ✶✼✻
✸✹ ✶✽✺ ✷✷✺ ✶✹✷✱✻✵ ✶✼✺✱✼✺ ✶✹✸ ✶✼✺
✸✽ ✶✽✸ ✷✷✺ ✶✹✶✱✵✻ ✶✼✸✱✹✸ ✶✹✸ ✶✼✺
✹✷ ✶✽✸ ✷✷✺ ✶✹✶✱✵✻ ✶✼✸✱✹✸ ✶✹✸ ✶✼✹
✹✻ ✶✽✸ ✷✷✺ ✶✹✶✱✵✻ ✶✼✸✱✹✸ ✶✹✷ ✶✼✹
✺✵ ✶✽✸ ✷✷✹ ✶✹✶✱✵✻ ✶✼✷✱✻✻ ✶✹✶ ✶✼✸
✺✹ ✶✽✷ ✷✷✷ ✶✹✵✱✷✾ ✶✼✶✱✶✷ ✶✹✶ ✶✼✸
✺✽ ✶✽✷ ✷✸✹ ✶✹✵✱✷✾ ✶✽✵✱✸✼ ✶✹✶ ✶✼✸
✻✷ ✶✽✵ ✷✷✷ ✶✸✽✱✼✺ ✶✼✶✱✶✷ ✶✹✵ ✶✼✷
✻✻ ✶✽✵ ✷✷✷ ✶✸✽✱✼✺ ✶✼✶✱✶✷ ✶✹✵ ✶✼✶
✼✵ ✶✽✵ ✷✷✶ ✶✸✽✱✼✺ ✶✼✵✱✸✺ ✶✹✵ ✶✼✶
✼✹ ✶✽✵ ✷✶✾ ✶✸✽✱✼✺ ✶✻✽✱✽✶ ✶✸✾ ✶✼✵
✼✽ ✶✼✾ ✷✷✺ ✶✸✼✱✾✼ ✶✼✸✱✹✸ ✶✸✾ ✶✼✵
✽✷ ✶✼✾ ✷✶✾ ✶✸✼✱✾✼ ✶✻✽✱✽✶ ✶✸✽ ✶✻✽
✽✻ ✶✼✼ ✷✶✾ ✶✸✻✱✹✸ ✶✻✽✱✽✶ ✶✹✸ ✶✻✾
❚❛❜❡❧❛ ✹✳✾✿ ❇♦r❞❛s ❞♦ ❡❧❡tr♦❞♦✳
✹✳✹ ❉✐s❝✉ssã♦ ❞♦s r❡s✉❧t❛❞♦s
❖ ❛❧❣♦r✐t♠♦ ✐♠♣❧❡♠❡♥t❛❞♦ ❡♠ ▼❛t❧❛❜ ❛♣r❡s❡♥t♦✉ r❡s✉❧t❛❞♦s ❝♦♠♣❛tí✈❡✐s ❝♦♠ ♦ ❡s♣❡r❛❞♦✱ ❝♦♠
♣♦✉❝♦s ♣♦♥t♦s ❞✐s❝r❡♣❛♥t❡s ❡♥tr❡ ❛s ♠❡❞✐❞❛s ❢❡✐t❛s✳ ❖s ♣✐♦r❡s ❢♦r❛♠ ♦❜s❡r✈❛❞♦s ❡♠ ✐♠❛❣❡♥s ✐♥❡s✲
♣❡r❛❞❛♠❡♥t❡ ♣♦✉❝♦ ❜r✐❧❤♦s❛s✳ P♦ss✐✈❡❧♠❡♥t❡ ♦ ❜❛✐①♦ ♥í✈❡❧ ❞❡ ❜r✐❧❤♦ s❡ ❞❡✈❡ ❛ ❛❧❣✉♠❛ s❛t✉r❛çã♦
❞♦ s❡♥s♦r ❈▼❖❙ ❞❛ ♦✉ ✉♠❛ ❝♦♥✜❣✉r❛çã♦ ❞❡ ❣❛♥❤♦ ❛✉t♦♠át✐❝♦ ❝â♠❡r❛ ❛♣ós ✉♠❛ ♣❡rí♦❞♦ ❞❡ ❧✉♠✐✲
♥♦s✐❞❛❞❡ ♠✉✐t♦ ✐♥t❡♥s❛✳ ❖s s✐♥❛✐s ❞❡ s❛í❞❛ ♣♦❞❡♠ s❡r ♠❡❧❤♦r❛❞♦s ♣❛r❛ s❡ ❡✈✐t❛r ❛s ❞✐s❝r❡♣â♥❝✐❛s
❝♦♠ ✜❧tr♦ ❛♣r♦♣r✐❛❞♦✳
❆ ♦❜s❡r✈❛çã♦ ❢❡✐t❛ ♥❛ s❡çã♦ ✹✳✷✳✻ s♦❜r❡ ❛ ❝♦rr❡❧❛çã♦ ❡♥tr❡ ❛ ♣♦s✐çã♦ ❤♦r✐③♦♥t❛❧ ❞♦ ❡❧❡tr♦❞♦ ❡ ❛
♣♦s✐çã♦ ❞❛ ❜♦r❞❛ ❞✐r❡✐t❛ ❞❛ ♣♦ç❛ ❞❡ s♦❧❞❛❣❡♠ ♥❛ ✜❣✉r❛ ✹✳✶✹ é ♣❡rt✐♥❡♥t❡✳
✼✺
❆ ♣♦s✐çã♦ ♠❡❞✐❞❛ ❞♦ t♦♣♦ ❞♦ ❡❧❡tr♦❞♦ ❞❡✈❡r✐❛ s❡r ❝♦♥st❛♥t❡ ♦✉ ♣❡❧♦ ♠❡♥♦s ♠✉✐t♦ ❡stá✈❡❧✱ ♣♦✐s
❡stá ♣ró①✐♠♦ ❛♦ ❝❡♥tr♦ ❞♦ ❜♦❝❛❧✱ q✉❡ é ✜①♦✳ ❆ ❝â♠❡r❛ ❞♦ ❡①♣❡r✐♠❡♥t♦ t❛♠❜é♠ ❢♦✐ ♣♦s✐❝✐♦♥❛❞❛ ❞❡
❢♦r♠❛ ✜①❛ ❡♠ r❡❧❛çã♦ ❛♦ ❜♦❝❛❧ ❞❛ t♦❝❤❛ ❞❡ s♦❧❞❛❣❡♠✳ ❖ q✉❡ s❡ ❞❡✈❡r✐❛ ♦❜s❡r✈❛r s❡r✐❛ ❛ ❜❛s❡ ❞♦
❡❧❡tr♦❞♦ s❡ ♠♦✈❡♥❞♦ ❡♥q✉❛♥t♦ ♦ t♦♣♦ ✜❝❛ ✜①♦✳ P♦ré♠ ♦ q✉❡ s❡ ♦❜s❡r✈❛ ♥♦s ✈❛❧♦r❡s ♠❡❞✐❞♦s é ✉♠
♠♦✈✐♠❡♥t♦ ❧❛t❡r❛❧ ❞♦ t♦♣♦ ❡ ❜❛s❡ ❞♦ ❡❧❡tr♦❞♦ ❡♠ ❝♦♥❥✉♥t♦ ❝♦♠ ✉♠ ♠♦✈✐♠❡♥t♦ ❞❛ ❜♦r❞❛ ❞✐r❡✐t❛
❞❛ ♣♦ç❛✳
❯♠❛ ❡①♣❧✐❝❛çã♦ s❡r✐❛ ❛ ❞❡❢♦r♠❛çã♦ ❞❡ ❛❧❣✉♠❛s ❞❡ss❛s ✐♠❛❣❡♥s ♥❛ ❞✐r❡çã♦ ❤♦r✐③♦♥t❛❧✱ ♦ q✉❡
❡①♣❧✐❝❛r✐❛ ♦ ♠❛✐♦r ✐♠♣❛❝t♦ s♦❜r❡ ❛ ❜♦r❞❛ ❞♦ ❧❛❞♦ ❞✐r❡✐t♦ ❞♦ q✉❡ s♦❜r❡ ♦ ❡❧❡tr♦❞♦ ❛ ♣❛rt✐r ❞❛ ❧❛t❡r❛❧
❡sq✉❡r❞❛ ❞❛ ✐♠❛❣❡♠✳ ❖✉tr❛ ❡①♣❧✐❝❛çã♦ s❡r✐❛ ❛ ✐♥✢✉ê♥❝✐❛ ❞♦ ✜❧tr♦ ❞❡ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s ♣r♦♣❛❣❛♥❞♦
❡rr♦s✳ ❊ss❛ ♥♦çã♦ ♣♦❞❡ s❡r ✐♥❝♦r♣♦r❛❞❛ ❛♦ ❛❧❣♦r✐t♠♦ ♣❛r❛ s❡ ♦❜t❡r ♠❡❧❤♦r❡s r❡s✉❧t❛❞♦s✳
❖s r❡s✉❧t❛❞♦s ♦❜t✐❞♦s ♣❛r❛ ❛s ♠❡❞✐❞❛s ❝♦♠ ❛ s✐♠✉❧❛çã♦ ❞❡ ❋P●❆ ❢♦r❛♠ ❝♦♠♣❛tí✈❡✐s ❝♦♠ ♦s
❡s♣❡r❛❞♦s✳ P❡q✉❡♥❛s ❞✐❢❡r❡♥ç❛s ❢♦r❛♠ ❡♥❝♦♥tr❛❞❛s ❝♦♠ r❡❧❛çã♦ ❛♦s r❡s✉❧t❛❞♦s ❡♠ ▼❛t❧❛❜✱ ♠❛s
❡ss❛s s❡ ❞❡✈❡♠ ❛♦ r❡❞✐♠❡♥s✐♦♥❛♠❡♥t♦ ❞❡ ✐♠❛❣❡♥s ❡ ❛♦s ❛rr❡❞♦♥❞❛♠❡♥t♦s✳ ❉❡ ❢♦r♠❛ ❣❡r❛❧✱ ♦s
♠ét♦❞♦s ❞❡s❡♥✈♦❧✈✐❞♦s ❢✉♥❝✐♦♥❛♠ ❡ ❡s♣❡r❛✲s❡ q✉❡ ♣♦ss❛♠ s❡r ❛♣r♦✈❡✐t❛❞♦s ❡♠ ♦✉tr❛s ❛♣❧✐❝❛çõ❡s✳
◗✉❛♥t♦ à ❡✜❝✐ê♥❝✐❛✱ ❛s s✐♠✉❧❛çõ❡s ❞ã♦ ❛ ❡♥t❡♥❞❡r q✉❡ é ♣♦ssí✈❡❧ ♦❜t❡r ❛s ♠❡❞✐❞❛s ❞❡s❡❥❛❞❛s
tã♦ ❧♦❣♦ ✉♠❛ ✐♠❛❣❡♠ ❛❝❛❜❡ ❞❡ s❡r r❡❝❡❜✐❞❛ ♣❡❧❛ ♣❧❛❝❛✳ ■ss♦ s✐❣♥✐✜❝❛ ✉♠❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣r♦❝❡s✲
s❛♠❡♥t♦ ❞❡ ❝❡♥t❡♥❛s ♦✉ ♠✐❧❤❛r❡s ❞❡ ✐♠❛❣❡♥s ♣♦r s❡❣✉♥❞♦✳ ❖ ❛❧❣♦r✐t♠♦ ❡♠ ▼❛t❧❛❜ r♦❞❛♥❞♦ ❡♠
✉♠ ❝♦♠♣✉t❛❞♦r ❝♦♠✉♠ ❞❡♠♦r♦✉ ❛❧❣✉♥s ♠✐♥✉t♦s ♣❛r❛ ♣r♦❝❡ss❛r ♣♦✉❝♦ ♠❛✐s ❞❡ tr❡③❡♥t❛s ✐♠❛❣❡♥s✱




◆❡st❡ tr❛❜❛❧❤♦ ❢♦r❛♠ ❞❡s❡♥✈♦❧✈✐❞❛s té❝♥✐❝❛s ♣❛r❛ ✐❞❡♥t✐✜❝❛çã♦ ❞❡ ♠❡❞✐❞❛s ❡♠ ♣r♦❝❡ss♦ ❞❡
s♦❧❞❛❣❡♠ ●▼❆❲ ♣♦r ♠❡✐♦ ❞❡ ✈✐sã♦ ❝♦♠♣✉t❛❝✐♦♥❛❧ ❡ ❜♦❛ ♣❛rt❡ ❞♦s ❜❧♦❝♦s ♣❛r❛ ✐♠♣❧❡♠❡♥t❛çã♦
❞❛s ♠❡s♠❛s ❡♠ ❤❛r❞✇❛r❡ ❢♦✐ ✐♠♣❧❡♠❡♥t❛❞❛✳ ❆❜❛✐①♦ s❡❣✉❡♠ ❛s ♦❜s❡r✈❛çõ❡s ♠❛✐s ♣❡rt✐♥❡♥t❡s ❞♦
tr❛❜❛❧❤♦✳
❙ã♦ ♥❡❝❡ssár✐♦s ❞✐✈❡rs♦s t❡st❡s ♣❛r❛ s❡ ❞❡✜♥✐r ❛♣r♦♣r✐❛❞❛♠❡♥t❡ ♦ ❝♦♥❥✉♥t♦ ❞❡ ✜❧tr♦s ❡ s✉❛
s❡q✉ê♥❝✐❛ ❞❡ ❛♣❧✐❝❛çã♦ ♣❛r❛ tr❛t❛r ✐♠❛❣❡♥s ❡s♣❡❝í✜❝❛s✳ ❖❜s❡r✈♦✉✲s❡ q✉❡✱ ♣❛r❛ ♦ t✐♣♦ ❞❡ ✐♠❛❣❡♥s
tr❛t❛❞♦ ♥❡st❡ tr❛❜❛❧❤♦✱ ❛ ❝♦♠❜✐♥❛çã♦ ❞❡ ✜❧tr♦s q✉❡ ♣r♦❞✉③✐✉ ♦ ♠❡❧❤♦r r❡s✉❧t❛❞♦ ❢♦✐ ❛q✉❡❧❛ ❝♦♠♣♦st❛
♣❡❧♦s ✜❧tr♦s ❞❡ ❧✐♠✐❛r✐③❛çã♦✱ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s✱ ❣❛✉ss✐❛♥❛ ❡✱ ♥♦✈❛♠❡♥t❡✱ ❧✐♠✐❛r✐③❛çã♦✱ ❛♣❧✐❝❛❞♦s ♥❛
s❡q✉ê♥❝✐❛ ❡♠ q✉❡ ❢♦r❛♠ ❝✐t❛❞♦s✳
❆♣❡s❛r ❞❡ ♣♦✉❝♦s ❡①❡♠♣❧♦s ❡♠ tr❛❜❛❧❤♦s ❛❝❛❞ê♠✐❝♦s✱ ♦s ✜❧tr♦s ❞❡ ❧✐♠✐❛r✐③❛çã♦ ✭♦✉ ❜✐♥❛r✐③❛çõ❡s✮
s❡ ♠♦str❛r❛♠ ❡①tr❡♠❛♠❡♥t❡ út❡✐s ♥❡ss❡ tr❛❜❛❧❤♦ ♣♦r r❡t✐r❛r ❡❧❡♠❡♥t♦s ✐♥❞❡s❡❥á✈❡✐s ❞❛s ✐♠❛❣❡♥s✳
❊ss❡s ❢♦r❛♠ t❛♠❜é♠ ❞❡ s✐♠♣❧❡s ✐♠♣❧❡♠❡♥t❛çã♦ ❡ ❝♦♠ ❜❛✐①♦ ❝✉st♦ ❝♦♠♣✉t❛❝✐♦♥❛❧✳
❖ ✜❧tr♦ ❞❡ ❣❛✉ss✐❛♥❛ ❢♦✐ ❡s❝♦❧❤✐❞♦ ❛♣ós ❛ t❡♥t❛t✐✈❛ ❞❡ s❡ ✉t✐❧✐③❛r ✉♠ ✜❧tr♦ ❞❡ ♠❡❞✐❛♥❛ ❞❡ ❥❛♥❡❧❛
✸①✸ ♣♦✐s ♦ ❞❡ ❣❛✉ss✐❛♥❛ ❢♦✐ ❞❡ ✐♠♣❧❡♠❡♥t❛çã♦ ♠❛✐s s✐♠♣❧❡s ❡♠ ❱❍❉▲ ❡ ♣r♦♣♦r❝✐♦♥♦✉ r❡s✉❧t❛❞♦s
♠✉✐t♦ s❡♠❡❧❤❛♥t❡s ❛♦ ❞❡ ♠❡❞✐❛♥❛✳
❖ ✜❧tr♦ ❞❡ ♠é❞✐❛ ❞❡ ✐♠❛❣❡♥s t✐♥❤❛ s❡ ♣r♦✈❛❞♦ ♠✉✐t♦ ✐♥❡✜❝✐❡♥t❡ ❝♦♠ ❛ ♣r✐♠❡✐r❛ t❡♥t❛t✐✈❛ ♥❛
❞❡s❝r✐çã♦ ♣❛r❛ ❋P●❆✱ ♣♦✐s ❡①✐❣✐❛ ♠✉✐t❛s ❧❡✐t✉r❛s ❡♠ ♠❡♠ór✐❛✱ ✸ ❛ ❝❛❞❛ ❝✐❝❧♦✳ ❊st❛ ✐♥❡✜❝✐ê♥❝✐❛ ❢♦✐
s✉♣❡r❛❞❛ ❝♦♠ ❛ té❝♥✐❝❛ ❞❡ s❡ s♦♠❛r ❡ s✉❜tr❛✐r ✈❛❧♦r❡s ❛ ❝❛❞❛ ❝✐❝❧♦✱ ♦ q✉❡ ❡①✐❣❡ ❛♣❡♥❛s ✉♠❛ ❧❡✐t✉r❛
❡ ♣❡r♠✐t❡ q✉❡ s❡❥❛♠ ✉s❛❞❛s q✉❛♥t❛s ✐♠❛❣❡♥s s❡ ❞❡s❡❥❛r ♣❛r❛ ❛ ♠é❞✐❛ s❡♠ ❛✉♠❡♥t❛r ♦ ♥ú♠❡r♦ ❞❡
❧❡✐t✉r❛s✳
❆ ♠❡❧❤♦r s♦❧✉çã♦ ♣❛r❛ ❝♦rr✐❣✐r ❛ ❞✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛ ♥❛s ♠❡❞✐❞❛s ❛❝❛❜♦✉ s❡♥❞♦ ❛ ♣ré✲
❝❛❧✐❜r❛çã♦✱ ♦✉ s❡❥❛✱ ❛ ♦❜t❡♥çã♦ ❞❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦ ♣r❡✈✐❛♠❡♥t❡ à ❡①❡❝✉çã♦ ❞❛ s♦❧❞❛✳ ❆
✐❞❡✐❛ ✐♥✐❝✐❛❧ ❞❡ s❡ ❝❛❧❝✉❧❛r ❛ ❞✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛ ❛ ♣❛rt✐r ❞❛ ♣ró♣r✐❛ ✐♠❛❣❡♠✱ ❝♦♠ ♦ ❡❧❡tr♦❞♦
s❡ ♣r♦✈♦✉ ✐♥❡✜❝❛③ ❞❡✈✐❞♦ ❛♦s s❡❣✉✐♥t❡s ♣r♦❜❧❡♠❛s✿
✶✳ ❖ ❡❧❡tr♦❞♦ ♣♦❞❡✱ ❡♠ ❞❛❞♦ ♠♦♠❡♥t♦✱ ❡st❛r ❡♠ ✉♠❛ ♣♦s✐çã♦ ♦❜❧íq✉❛ à ♣❡ç❛ ❞❡ s♦❧❞❛❣❡♠✳
■♥❞❡♣❡♥❞❡♥t❡ ❞♦ ♠♦t✐✈♦✱ ❛ ♣❛rt✐r ❞❛s ✐♠❛❣❡♥s s❛❜❡✲s❡ q✉❡ ✐ss♦ ❛❝♦♥t❡❝❡ ♥♦ ♣❧❛♥♦ ♦rt♦❣♦♥❛❧
✼✼
à ❞✐r❡çã♦ ❞❛ s♦❧❞❛❣❡♠✳ Pr❡s✉♠❡✲s❡ q✉❡ ♦ ♠❡s♠♦ ♦❝♦rr❡ t❛♠❜é♠ ♥♦ ♣❧❛♥♦ q✉❡ é ♣❛r❛❧❡❧♦ à
❞✐r❡çã♦ ❞❡ s♦❧❞❛❣❡♠ ❡ ♣❡r♣❡♥❞✐❝✉❧❛r à ♣❡ç❛✳ ■ss♦ s✐❣♥✐✜❝❛ q✉❡ ♦ ❡❧❡tr♦❞♦ ♣♦❞❡ ❡st❛r ♠❛✐s
à ❢r❡♥t❡ ♦✉ ❛trás ❞♦ ❝❡♥tr♦ ❞❛ t♦❝❤❛ ❞❡ s♦❧❞❛✱ ❛♣r♦①✐♠❛♥❞♦✲s❡ ♦✉ ❛❢❛st❛♥❞♦✲s❡ ❞❛ ❝â♠❡r❛✳
❖✉ s❡❥❛✱ ♦s ♣♦♥t♦s ❞❛ ❜❛s❡ ❞♦ ❡❧❡tr♦❞♦ ♠♦✈❡♠✲s❡ ❛♦ ❧♦♥❣♦ ❞♦ t❡♠♣♦✳ ■ss♦ ✐♠♣♦ss✐❜✐❧✐t❛ ♦
❝á❧❝✉❧♦ ❝♦rr❡t♦ ❞❛ ♠❛tr✐③ ❞❡ tr❛♥s❢♦r♠❛çã♦ ♣♦✐s ♦s ♣♦♥t♦s ✉t✐❧✐③❛❞♦s ❞❡✈❡♠ ❡st❛r ❡♠ ❧♦❝❛✐s
❝♦♥❤❡❝✐❞♦s ♥♦ ❡s♣❛ç♦ tr✐❞✐♠❡♥s✐♦♥❛❧✳
✷✳ ❖ t❛♠❛♥❤♦ ❞♦ ❡❧❡tr♦❞♦ ✈❛r✐❛✳
❋❛t♦ t❛♠❜é♠ ♦❜s❡r✈❛❞♦ ♥❛s ✐♠❛❣❡♥s✱ t❡♠ ♦ ♠❡s♠♦ ❡❢❡✐t♦ q✉❡ ❛ ✈❛r✐❛çã♦ ❞❡ ❞✐r❡çã♦ ❞♦
❡❧❡tr♦❞♦✳ ❆ ♣♦♥t❛ ❞♦ ❡❧❡tr♦❞♦ ❡stá ♦r❛ ♠❛✐s ♣❡rt♦✱ ♦r❛ ♠❛✐s ❧♦♥❣❡ ❞❛ ♣❡ç❛✱ ♦ q✉❡ s✐❣♥✐✜❝❛
❛✉♠❡♥t♦ ♦✉ ❞✐♠✐♥✉✐çã♦ ❞♦ t❛♠❛♥❤♦ ❞❛ ♣❛rt❡ ✈✐sí✈❡❧ ❞♦ ❡❧❡tr♦❞♦✱ ♠❡s♠♦ q✉❛♥❞♦ ❡♠ r❡❣✐♠❡
❡stá✈❡❧ ❞❛ s♦❧❞❛❣❡♠✳ ■ss♦ t❛♠❜é♠ ♠✉❞❛ ❛ ♣♦s✐çã♦ ❞❡ ♣♦♥t♦s q✉❡ ❞❡✈❡r✐❛♠ s❡r ❝♦♥❤❡❝✐❞♦s✳
❆ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ❱❍❉▲ ❢♦✐ ♠❛✐s ❞✐❢í❝✐❧ ❡ ❞❡♠♦r❛❞❛ ❞♦ q✉❡ s❡ ❡s♣❡r❛✈❛✳ ❋♦r❛♠ ❡♥❝♦♥✲
tr❛❞♦s ❞✐✈❡rs♦s ♣r♦❜❧❡♠❛s ❞✉r❛♥t❡ ♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ q✉❡ ♥ã♦ t✐♥❤❛♠ s♦❧✉çã♦ tr✐✈✐❛❧✳ ❆❧❣✉♥s
♣❛ss♦s ❡①✐❣✐r❛♠ ❝❡rt♦ t❡♠♣♦ ❡✴♦✉ ❝r✐❛t✐✈✐❞❛❞❡ ♣❛r❛ ❢✉♥❝✐♦♥❛r❡♠✱ ❝♦♠♦ ♦ t❡st ❜❡♥❝❤✱ ❛ s✉❜st✐t✉✐çã♦
❞❡ ♥ú♠❡r♦s ❞❡❝✐♠❛✐s ♣♦r ✐♥t❡✐r♦s ❡ ❛ ♠é❞✐❛ ♠ó✈❡❧✳ ❈♦♥❤❡❝✐♠❡♥t♦ ❡ ❧ó❣✐❝❛ sã♦ s✉✜❝✐❡♥t❡s ♣❛r❛
s♦❧✉❝✐♦♥❛r ♣r♦❜❧❡♠❛s ❡♠ ❤❛r❞✇❛r❡✱ ♠❛s ♥ã♦ é ✉♠❛ t❛r❡❢❛ ❢á❝✐❧ q✉❛♥❞♦ s❡ t❡♠ ♣♦✉❝❛ ❡①♣❡r✐ê♥❝✐❛✳
❆♣ós ✈❡r ♦s t❡♠♣♦s ❞❛ s✐♠✉❧❛çã♦ ❞❡ ❋P●❆✱ ❝♦♠♣❛r❛❞♦s ❝♦♠ ♦ t❡♠♣♦ ❞❡ ♣r♦❝❡ss❛♠❡♥t♦
❡♠ ❝♦♠♣✉t❛❞♦r✱ ✜❝❛ ❝❧❛r♦ q✉❡ ♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❡♠ t❡♠♣♦ r❡❛❧ é ♥❡❝❡ssár✐♦ ♦ ✉s♦ ❞❡ s✐st❡♠❛s
r❡❝♦♥✜❣✉rá✈❡✐s ♦✉ ❤❛r❞✇❛r❡s ❡s♣❡❝í✜❝♦s✳
✺✳✶ ❚r❛❜❛❧❤♦s ❢✉t✉r♦s
❙✉❣❡r❡✲s❡ q✉❡ s❡❥❛♠ ❝r✐❛❞♦s ♦s ❜❧♦❝♦s ✜♥❛✐s ♥❛ ✐♠♣❧❡♠❡♥t❛çã♦ ❡♠ ❋P●❆✱ ♦ ❞❡ r❡❣r❡ssã♦ ❧✐♥❡❛r
r♦❜✉st❛ ❡ ♦ ❞❡ ❝♦rr❡çã♦ ❞❡ ❞✐st♦rçã♦ ❞❡ ♣❡rs♣❡❝t✐✈❛✳ ❊ss❡s ❜❧♦❝♦s t♦r♥❛r✐❛♠ ❛ s♦❧✉çã♦ ❝♦♠♣❧❡✲
t❛♠❡♥t❡ ❢✉♥❝✐♦♥❛❧ ♣❛r❛ ✉♠❛ ❛♣❧✐❝❛çã♦ ❡♠ ✐♥❞ústr✐❛s ♦✉ ✇♦r❦s❤♦♣s✳ ❖s s✐♥❛✐s ❣❡r❛❞♦s ♣♦❞❡♠ s❡r
✉s❛❞♦s ❝♦♠♦ r❡❛❧✐♠❡♥t❛çã♦ ❡♠ ✉♠ s✐st❡♠❛ ❞❡ ❝♦♥tr♦❧❡ ❡♠ ♠❛❧❤❛ ❢❡❝❤❛❞❛✳
■♥❢❡❧✐③♠❡♥t❡ ♥ã♦ ❢♦✐ ♣♦ssí✈❡❧ ✉t✐❧✐③❛r ❛ ❝â♠❡r❛ ♣❛r❛ t❡st❡s ♣♦r ❢❛❧t❛ ❞♦ ❞r✐✈❡r ❞❡ ❝♦♠✉♥✐❝❛çã♦✱
♣♦rt❛♥t♦ s✉❣❡r❡✲s❡ q✉❡ ❡st❛ ❡t❛♣❛ s❡❥❛ ❢❡✐t❛✱ s❡♠ ❞❡s❝❛rt❛r ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ s❡ ✉t✐❧✐③❛r ♦✉tr♦
♠♦❞❡❧♦ ❞❡ ❝â♠❡r❛✳ ❚❛❧✈❡③ s❡❥❛ ❛té ♣♦ssí✈❡❧ t❛♠❜é♠ ✐♠♣❧❡♠❡♥t❛r ✉♠ ❞r✐✈❡r ❝♦♠ ❛ ♣ró♣r✐❛ ❋P●❆✳
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